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i v  

SUMMARY 

T h i s  report:  i n t r o d u c e s  a series of p r o g r e s s  r e p o r t s  t ha t  w i l l  be  

i s s u e d  semiannua l ly  t o  inform t h e  heavy-element commLnnity o f  t h e  s t a t u s  

and t h e  f u t u r e  p r o d u c t i o n  p l a n s  of the  Transuranium Element P r o d u c t i o n  

Program at ORPJL. The o b j e c t i v e  of t h e s e  r e p o r t s  i s  to p r o v i d e  informa- 

t i o n  t h a t  w i l l  e n a b l e  u s e r s  of the p r o d u c t s  t o  o b t a i n  t h e  maximum s e r v i c e  

from t h e  p roduc t ion  f a c i l i t i e s  a t  OWL. P r o d u c t i o n  p l a n s  and s c h e d u l e s  

are d e f i n i t e l y  e s t a b l i s h e d  on ly  f o r  t h e  s h o r t  t e r m ;  long-range p l a n s  can  

be (and a r e )  markedly i n f l u e n c e d  by feedback  from r e s e a r c h e r s .  ‘This f i r s t  

r e p o r t  summarizes t h e  p r o j e c t  t o  d a t e  (covering a p e r i o d  of about  two 

y e a r s ) ;  subsequent  r e p o r t s  w i l l  summarize t h e  e v e n t s  of  t h e  p reced ing  

s i x  months.  

The Transuranium P r o c e s s i n g  P l a n t  (TRU) and t h e  High E’l.ux I s o t o p e  

Reac to r  (HFLR) have been b u i l t  a t  O W L  t o  produce gram q u a n t i t i e s  of many 

of t h e  t r ansu ran ium e lemen t s ,  and m i l l i g r a m  q u a n t i t i e s  of  some of  t h e  

t r a n s c a l i f o r n i u m  i s o t o p e s  f o r  u s e  i n  r e s e a r c h  work by l a b o r a t o r i e s  

th roughout  t h e  coun t ry .  

The t o t a l  amounts o f  t r ansu ran ium eleii ients p rocessed  d u r i n g  t h e  

125 g of 242Pu, 170 g of f i r s t  two-year p e r i o d  are ( approx ima te ly ) :  

2Lt3Am, 300 g of 2 4 4 C ~ ,  1 mg of 249Bk, 7 mg of 252Cf,  and 40 pg of 2 s 3 E s .  

Approximately 9 1  g of 242Pu,  207 g o f  243h11, 239 g of 2 4 4 C m ,  25  ug of 

21t913k, and 1 . 7  mg of 2 5 2 C €  are  s t i l l  i n  v a r i o u s  s t a g e s  of p u r i f i c a t i o n  

i n  TRU. We have made about: 7 4  sh ipmen t s ,  which have t o t a l e d :  0.8 [rig of 

2 4 4 P u p  37 g of 743Am, 79 g oE 21tLtCm, 36 p g  of 2 4 8 C ~ ,  4 1 1  p g  of 249Bk9 

72 lig of 2-49Cf ( i s o t o p i c a l l y  p u r e ) ,  1 mg of 2 5 2 C f ,  1 pg of 253Es ( i s o -  

t o p i c a l l y  p u r e ) ,  and 16 ug of 7 5 3 E s  c o n t a i n i n g  some 254Es and 255E5 I .. * 

W e  a n t i c i p a t e  t h e  p r o d u c t i o n  of abou t  5.5 mg of 249;7k., 50 mg o f  

252Cf ,  260 pg of 2 5 3 E s ,  and lo9 atoms of  257~~111  d u r i n g  t h e  n e x t  e i g h t e e n  

mtsnths. A t o t a l  o f  a b o u t  1 g of  c a l i f o r n i u m  is  expec ted  t o  be produced 

by about  1973.  

The p r o c e s s e s  and equipment t h a t  are used i n  ‘TKU are b e i n g  changed 

c o n s t a n t l y  as our  knowledge i n c r e a s e s .  The c u r r e n t  sequence of p r o c e s s  

s t e p s  i s  p r e s e n t e d  and t h e  s t a t u s  of each  s t e p  i s  summarized. The s t e p s  

are as f o l l o w s :  (1) a f e e d  s o l u t i o n  i s  p repa red  by d i s s o l v i n g  i r r a d i a t e d  

t a r g e t s ;  ( 2 )  t h e  p lu tonium i s  recove red  u s i n g  a b a t c h  s o l v e n t  e x t r a c t i o n  

p r o c e s s  (Pubex) ; (3) t h e  t r ansp lu ton ium e lemen t s  are dec.ontaminated P r o m  
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f i s s i o n  p r o d u c t s  by c o u n t e r c u r r e n t  s o l v e n t  e x t r a c t i o n  (Tramex); ( 4 )  t h e  

americium and curium are s e p a r a t e d  from t h e  t r a n s c u r i u m  e lemen t s  by i o n  

exchange; (5) t h e  t r a n s c u r i u m  e lemen t s  are s e p a r a t e d  from each  o t h e r  by 

chromatographic  e l u t i o n  w i t h  a -hydroxy i sobu ty ra t e  from a h i g h - p r e s s u r e  

i o n  exchange column; (6) t h e  p lu tonium,  americium, and curium are made 

i n t o  o x i d e  m i c r o s p h e r e s ,  u s ing  a son-ge l  t echn ique ;  and (7) t h e  micro- 

s p h e r e s  are f a b r i c a t e d  i n t o  HFIR t a r g e t s ,  by remote means, f o r  r e i r r a d i a -  

t i o n  t o  produce  more t r a n s c u r i u m  e lemen t s .  

S i x t e e n  TRU t a r g e t  r o d s  developed l o n g i t u d i n a l  cracks i n  t h e  c l a d d i p g  

a f t e r  i r r a d i a t i o n  i n  t h e  HFIR f o r  12.5 t o  175 days  a t  a power level of 

100 Mw. They were p a r t  of a group of 17 t a r g e t s  t h a t  had been i r r a d i a t e d  

f o r  abou t  one y e a r  i n  a Savannah R i v e r  P l a n t  r e a c t o r ,  A mathemat i ca l  

model, fo rmula t ed  t o  g u i d e  t h e  develapment  of an  improved t a r g e t  d e s i g n ,  

i n d i c a t e s  t h a t  a smaller l o a d i n g  of p lu tonium p e r  t a r g e t  and /o r  p r e s s i n g  

t h e  p e l l e t s  t o  lower d e n s i t i e s  w i l l  r e s u l t  i n  l o n g e r  t a r g e t  l i f e t i m e s .  

Test: t a r g e t s  are now b e i n g  i r r a d i a t e d  t o  conf i rm t h i s .  

The s e r v i c e s  a v a i l a b l e  a t  TRU have been used t o  p r e p a r e  s p e c i a l  

materials t h a t  are n o t  no rma l ly  produced i n  ma in - l ine  e f f o r t s .  Three  

special  c a l i f o r n i u m  t a r g e t s  w e r e  f a b r i c a t e d  and i r r a d i a t e d  t o  produce 

e i n s t e i n i u m  and t o  r e f i n e  some of t h e  c a l c u l a t e d  v a l u e s  of c r o s s  s e c t i o n s  

i n  t h e  c h a i n  of i s o t o p e s  above c a l i f o r n i u m .  Aluminum t e n s i l e  specimens 

were i r r a d i a t e d  f o r  u s e  i n  s t u d y i n g  t h e  ta rge t :  f a i l u r e  problem. About 

350 1-18 of 252Cf w a s  loaded  i n t o  a s m a l l  aluminum c a p s u l e  f a r  u s e  as a 

s o u r c e  i n  f a s t - n e u t r o n  a c t i v a t i o n  s t u d i e s .  

f a b r i c a t e d  i n t o  p e l l e t s  and i r r a d i a t e d  i n  t h e  HFTR h y d r a u l i c  r a b b i t  f a c i l -  

ity € o r  t h e  p r a d u c t i o n  of 237U. 

by p e r s o n n e l  a t  t h e  Los  Alamos S c i e n t i f i c  L a b o r a t o r y ,  and t h e  uranium 

was used i n  an  underground n u c l e a r  e v e n t  f o r  t h e  measurement of t h e  f i s -  

s i o n  c r o s s  s e c t i o n  of 237U. 

w e r e  i r r a d i a t e d  i n  t h e  HFIR t o  produce 39.3-hr 254mEs f o r  s t u d i e s  a t  t h e  

Argonne N a t i o n a l  Labora to ry .  

Uranium o x i d e  (236U308) was 

The r a b b i t s  w e r e  s u b s e q u e n t l y  p rocessed  

R a b b i t s  c o n t a i n i n g  253Es  were f a b r i c a t e d  and 

The v a l u e s  that we use for t ransuranium-element  decay  data and f o r  

c r o s s - s e c t i o n  d a t a  i n  p l a n n i n g  i r r a d i a t i o n - p r o c e s s i n g  c y c l e s ,  c a l c u l a t i n g  

p r o d u c t i o n  f o r e c a s t s ,  and a s s a y i n g  p r o d u c t s  are t a b u l a t e d  i n  t h e  Appendix. 





T h i s  r e p o r t  i n t r o d u c e s  a series of p r o g r e s s  r e p o r t s  t h a t  w i l l  b e  

i s s u e d  semian.nua1l.y t o  inform the heavy---elernent commwn:i.ty of t h e  s t . a t u s  

of t h e  Transti-eanjum Element F’rcxhction Program a t  OxXL and of f u t ~ r e  

p r o d u c t i o n  p l ans .  The o b j e c t i v e  of t h e s e  r e p o r t s  i s  t o  p r o v i d e  in fo r -  

maKiion t h a t  w i l l  e n a b l e  u s e r s  of the prcrduets t o  o b t a i n  t h e  riiaximum 

~;t .rvice from t h e  product:i.on f a c i l i t i e s  a t  OWdL e P r o d u c t i o n  p l a n s  aricl 

schedules are d e f i n i t e l y  es tab .Lished  o n l y  f o r  t h e  s h o r t  t e r m ;  I-ong-range 

plans can  be (and a r e )  markedly inf- luenced by feedback  from r e s e a r c h e r s  I I  

I n  this f i r s t  r e p o r t  we w i l l  summarize. t h e  p r 0 j e c . t  t o  da t e  (cove-r ing a 

peri.od of about two y e a r s ) ;  in subsequent  r e p o r t s  w e  w i l l  be corl-cerned 

on1.y w i t h  t h e  e v e n t s  of t h e  p reced ing  six months a 

Prosress I.- Repor ts ’  - were p u b l i s h e d  f rom 1952 through 1965 t o  r eco rd  t h e  

development o f  s e p a r a t i o n  processes f o r  t h e  transurani.um e lemen t s ,  the 

development of p r o c e s s  equipment ,  t h e  development of methods f o r  fabr:i-- 

c a t k g  .HFIR t a r g e t s ,  t h e  p r o g r e s s  i n  t h e  c o n s t r u c t i o n  of t h e  Transuranium 

P r o c e s s i n g  P l a n t ,  ehe r e s u l t s  of c o r r o s i o n  s t u d i e s ,  aad. t h e  da ta  accumu-- 

l a t e d  from a n a l y t i c a l  chemis t ry  r e s e a r c h  and development L1 

of t h e  Transuranium Processing P l a n t  and proposed p r o c e s s  f lowshee t  s and 

ope . ra t ing  t e d i n i q u e s  are iricluded i n  the S a f e t y  Ana1ys:i.s ~ 

Transuranium Quarter11 

Descr- i .pt ions 

The Transuran.ium P r o c e s s i n g  P l a n t  (TXTJ) and the  High F lux  I s o t o p e  

Reac tor  (IIFIR) have been b u i l t  a t  OWL t o  produce gram q u a n t i t i e s  of many 

of t h e  t r ansu ran ium e l e m e n t s ,  and m i l l i g r a m  q u a n t i - t i e s  o f  some of the 

t r a n s c a l i f o r n i u m  i s o t o p e s ,  f o r  u s e  i n  r e s e a r c h  work by l a b o r a t o r i e s  

e:hroughout t h e  country a T h i s  p a r t  of the TJSAEC Heavy Element Product i -on 

Program began w i t h  t h e  long-term i r r a d i a t i o n  of In-kg b a t c h e s  of 

:i.m t h e  Savannah Rive r  P lan t  (SRP) r e a c t o r s .  

ahout. 300 g each  of 243Aii and 244Cm were produced.  

e r e d  and decontaminated  a t  S E ,  acc? most of t h e  a m e r i c : i u r r i  and curi.urn 

was s t o r e d  at: OEJL f o r  f u r t h e r  processing. 

fat)ri .cated i n t o  t a r g e t  r o d s  t h a t  are n o w  be ing  irrad:i.atcid i n  the NFLR.  

To a c c e l e r a t e  the p r o d u c t i o n  ra te  of t ransuraniuni  e lements  w h i l e  ICRTJ and 

HFIK were b e i n g  b u i l t ,  about  525 g o f  t h e  2 ’ t 2 P ~  was i r radiated d u r i n g  a 

39Pu 

Almut: 1 kg of 2 4 2 P u  and 

The 2’’2Pu w a s  recov- 

A p o r t i a n  oE the 242Pu w a s  
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s p e c i a l  High Flux Demonstrati.on Run3 i n  one of t h e  SKP product:ion 

r e a c t o r s .  

s l u g s  of u s u a l  geometry f o r  t h e  SRP r e a c t o r ;  ( 2 )  si.x p roco type  H F I R  tar-  

g e t s ,  which c o n t a i n e d  1 0  g of 242Pu02 each ;  and (3) 18 a c t u a l  IlFIR t a r g e t  

r o d s ,  whi.ch a l so  c o n t a i n e d  1 0  g of 2 ' t 2 P ~ ~ 0 2  each.  

The 525 g of 2'-t2Pu wa.s f a b r i c a t e d  i n t o  three forms:  (1) e i g h t  

The f i r s t  TRU p r o c e s s i n g  campaign, which began i n  August 1.966 and 

w a s  completed i n  November 1966,  w a s  concerned w i t h  t h e  p r o t o t y p e  HFIR 

t a r g e t s . 4  The s l u g s  t h a t  had been i r r a d i a t e d  i n  the SRP r e a c t o r s w e r e  

p rocessed  next. The a c t u a l  HFIR t a r g e c s ,  which had been i r r a d i a t e d  a t  

t h e  Savannah River p l a n t  f o r  about  one y e a r ,  began t o  f a i l  a f t e r  abou t  

125 days of i r r a d i a t i o n  i n  the H F I K .  When a l l  e x c e p t  one had f a i l e d ,  

t h e  e n t i r e  group w a s  p rocessed  i n  TRU f o r  t h e  r e c o v e r y  o f  t h e  heavy 

e l emen t s .  About one-half  of t h e  americium-curium-bearing r a f f ' i n a t e  from 

t h e  SW plutonium rec.overy processi-ng h a s  IIOW been r ecove red  and p i x i f  i e d  

i n  TRU. 

T h i s  r e p o r t  summarizes TRU o p e r a t i o n s  t o  d a t e  and s p e c i f i e r ;  t h e  

q u a n t i t i e s  of materials t h a t  have been produced,  p r o c e s s e d ,  and sh ipped .  

We have p r e s e n t e d  proposed p r o c e s s i n g  s c h e d u l e s  and a n t i c i p a t e d  y i e l d s  

of v a r i o u s  p r o d u c t s ,  a long  w i t h  a d i s c u s s i o n  of t h e  ma themat i ca l  models 

t h a t  w e r e  used f o r  making t h e  c a l c u l a t i o n s .  The s t a t u s  of t h e  develop-  

ment of each proposed p r o c e s s i n g  s t e p  ( such  as Tramex p r o c e s s i n g  o r  t a r g e t  

f a b r i c a t i o n ) i s  b r i e f l y  d i s c u s s e d ,  and major problem areas are enumerated. 

S p e c i a l  p r o c e s s i n g ,  f a b r i c a t i o n ,  and i r r a d i a t i o n  programs are d e s c r i b e d .  

The Appendix c o n t a i n s  a t a b u l a t i o n  of t h e  v a l u e s  of n u c l e a r  parameters 

which were used as i n p u t  d a t a  f o r  t h e  c a l c u l a t i o n s  of p r o d u c t i o n  ra tes  

f o r  t r ansu ran ium e l e m e n t s ,  and a t a b u l a t i o n  of t h e  p a r a m e t e r s  which w e r e  

used t o  c a l c u l a t e  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  i s o t o p e s  t h a t  are of 

i n t e r e s t  t o  TKU.  

2 .  PROCESSING SUMMARY .4ND PRODUCTION ESTIMATES 

The i s o t o p i c  c o n c e n t r a t i o n s  of t h e  v a r i o u s  t r ansu ran ium e lemen t s  

are n o t  c o n s t a n t ,  b u t  are f u n c t i o n s  of  i r r a d i a t i o n  h i s t o r i e s  and decay 

t i m e s .  We u s e  t h e  major  i s o t o p e  i n  a m i x t u r e  of i s o t o p e s  t o  de t e rmine  
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material  b a l a n c e s .  

t race  c a l i f o r n i u m  by the i s o t o p e  "'*Cf. 

2 L t 2 P ~ ,  243Am, 24912k9 and 7 5 3 E s  are t h e  i s o t o p e s  used For t r a c i n g  t h e s e  

e l emen t s .  Throughout t h i s  r e p o r t  s e c t i o n  we are  d i s c u s s i n g  mixturcs  of 

i s o t o p e s  when w e  d o  n o t  s t i p u l a t e  " i s o t o p i c a l l y  pure." 

Thus we trace curium by the i s o t o p e  2 4 4 C m  and w e  

Except: i n  s p e c i a l  i n s t a n c e s ,  

2 . 1  P r o c e s s i n g  Summary 

T h e  f 01 low-ing t o t a l  amounts (approx:imate) of t r ansu ran ium e~.ements 

w e r e  p rocessed  d u r i n g  t h e  f i r s t  two-year p e r i o d  of TRU o p e r a t i o n s  th rough  

June 30,  1968: 12.5 g of 2rt2Pu, 170  g of 2't3Am, 300 g of 2LtLtCm , 1 mg of 

24yi3k, 7 rng of 2 5 2 C f ,  and 40 pg o f  2 5 3 E s e  

of the major  campaigns are given i n  T a b l e  2 .1 .  T h e  amounts of s h o r t -  

lived n u c l i d e s  were c o r r e c t e d  t o  t h e  d a t e  of each  d i s s o l u t i - o n ,  and were 

summed f o r  a l l  d i s s o l u t i o n s  w i t h o u t  f u r t h e r  ad jus tmen t  t o  a common tirue 

b a s i s "  

The amounts p rocessed  i n  each 

Seventy-four  sh ipmen t s  have been made from TRU ( s e e  T a b l e  2 . 2 ) .  

T h e s e  sh ipmen t s  i n c l u d e d :  

(1) 0.8  mg af ' 4 % ~  t h a t  laad been i . s o t o p i c a l l y  e n r i c h e d  i n  ca3.u- 

t rons  and t h e n  i r r a d i a t e d  i n  t h e  HFLR p r i o r  t o  shipment;  

36.9 g of 243Am and 78 .7  g of 2't1'Cm t h a t  had been s e p a r a t e d  

and pur i - f ied  (we do n o t  u s u a l l y  s e p a r a t e  americium arid curium) ; 

36 uig of 24HCm t h a t  had been "milked" from ca.2iforni.um; 

(2) 

(3 )  
( 4 )  411 pg of 249Bk; 

(5) 72 .4  ~ i g  o f  ""Cf ( i s o t o p i c a l l y  pure)  t h a t  had been  "miI.ked" 

from 249Bk; 

1.1 mg o f  2 s 2 C f  i n  a m i x t u r e  of  c a l i f o r n i u m  i s o t o p e s  (75-802 (6) 
2 5 2 ~ 3  ; 

15.5 Llg o f  2 5 3 ~ s  c o n t a i n i n g  Some 2.ZLtES and 2 5 5 ~ s .  ( 7 )  
( 8 )  1.1 ~ i g  of Z 5 ' ~ s  ( i s o t o p i c a l l y  p u r e )  t h a t  :lad been "ini1liedrr 

from c a l i f o r n i u m .  

AS of  June  30, 1968, our Frzventnry of t r a n s u r a n i u m  rrraterials w a s  

9 1  g of 2'-t2Pu, 207 g of 'I-43Am, 239  g of 244C:,, 25 ug o f  249Bk, and 1.7 rng 

o f  2 s 2 C f ,  

are given in Table 2 .3 .  

Typi .ca1 i s o t o p i c  c o n c e n t r a t i o n s  of t h e  cur:i.um and eal i fQrniurn 



T a b l e  2 . 1 .  Amounts of Nater ia ls  P r o c e s s e d  Dur ing  Major  Campaigns i n  t h e  
' l ' ransuranium P r o c e s s i n g  P l a n t  P r i o r  t o  J u l y  1 ,1968 

b i s t e d  v a l u e s  are  measurements  o r  e s t i m a t e s  of  feed  s o l u t i o n s  

Comple: i on  
Campaign No. 3a te  Cam?aign Description 

8 

Ju,y ,966 

November 1966 

A 2 r i l  1967 

May 1967 

J u l y  1967 

Augusc i 9 5 7  

Not Complecea' 

Hay 1968 

T r a c e r - l e v e l  tes ts  

Four p r o t o t y p e  HFIR t a r g e t s  

S i x  SRP r e a c t o r  s l u g s  

F ;ve r u p t u r e d  3 3 X  t a r g e c s  

H i s c e l i a n e o u s  t a r g e  c s e  

Twelve r u p t u r e d  F Y I 3  t a r g e r s  

Am-Cm s o l u t i o n  Erom SRP 

Rework m a t e r i a l  f rom o t h e r  campaigns 

b 

10.5 

49.5 

1 2 . 0  

26 .5  

2 6 . 3  

d 

b 

b 

b 

4 . 5  

1 9 . 3  

5 . 7  

7 .7<  

i 5 . 2  

113 .7  

( i 4 )  

b 

1 2 . 4  

76 .5  

22.: 

1 7 . 0  

46 .4  

1 3 1 . 5  

(311 

3 

?OC 

440' 

170' 

b 

475c 

b 

(60) 

3 

d G.i 

2 . 3  

1.0 

0.1 d 

4 . 0  

b 

( 9 . 7 )  

s 

b 

1 4 . 2  

3 . 4  

b 

23 .3  

b 

(5) 

T o t a i  ( e x c l u d i n g  rework)  124 .  S : 7 1 . L  305 .9  iii5 1 . 4  4 3 . 9  

_. __ - _  

aAmericium and curium are  noc  u s u a l l y  s e p a r a t e d  f rom e a c h  o t h e r .  About 80 g of  21'4Cm anG 40 g of 243Am mre  s e p a r a t e d  f o r  s p e c i a l  
programs.  

'Amounts were known to be  t r i v i a l .  

' A n a l y t i c a l  method f o r  b e r k e l i u m  i n  f e e d  s o l u t t o n s  w a s  not a v a i i a s i e .  

d 

e S i x  t a r g e t s  were d i s s o l v e d  i n  l a b o r a t o r y - s i z e  equipment  t o  o b t a i n  m o r e - p r e c l s e  d a t a .  

L is tec :  v a l u e s  were e s r i m a t e d  from measurements  of 248Cm,  

E s t i m a t e i  from p r o d u c t  measurements .  

f C o n t i n u i n g  a t  p r e s e n z  
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T a b l e  2 .2 .  D i s t r i b u t i o n  of tfeavy Elements 
from t h e  Transuranium P r o c e s s i n g  P l a n t  

Through June, 1.968 
- --- --I-- .--c-----.-s_____p. 

._- Shipped --- To 
I n d i v i d u a l  S i t e  -..._--I_ -- ---.-- N a j  or Nucl ide  Date 

P 111 t o n i  um- 2 4 4 
( i - r r a d i a t e d )  , nig 
I__ 

0.5  
0 .3  
0.8 
__ 

Americium- 2 4 3 d  
-L- .-- 

1.3.5 
0 .2  
0 . 1  
1 .0  

19.6 
0.5 
2.0 

36.9 
I._.__ 

Curium-244. e 

2 . 1  
1.0.0 

3.3 
38.1. 

1 . 7  
0 .9  
9 . 4 
2.  L 
2.1 
6.6 (low h) 
2.4 

78.7 
I--__ 

Curium-248, 
-._-_I- 

4 o 
1 3  
1.3 -_ 
3 6 

3-13-68 
3-13-68 

4-11-67 
5-10-67 
6-09-67 
9 -0 8- 6 7 
4-01-68 
4-05-68 
4-05-68 

3-23-67 
4-04 - 6 7 
9-06-67 
2- 2 1- 6 8 
3-21-68 
3- 2 8- 68 
4- 1.2- 6 8 
4 - 1 2- 6 8 
5-02-68 
5-10-65 
6-1.0-68 

1-22-68 
5-29-68 
6-17-68 

J .  FIalperin 0 RNL 
H. Diamond ANL 

R. A .  Penneman LASL 

I s o t o p e s  Sa les  ORNZ 
0 .  L.  Ke1ler ORNL --TI& 
K .  A .  Penneman LASL 
R. M. L a t i m e r  LRL-B 
R. h'. H Q f f  T.RL-L 

0. L. Keller OML-TRL 

R. W. Hoff 
w, 0. Box 
K. W. Hoff 
T .  A, But-1er 
W.  1). Box 
J .  T,, Burnet t  
R. A .  Pienneman 
M. S.  Moore 
K. 0. Budd 
B. Riishe 
R. D. Kelsch  

K. Folger  
C ,  B e m i s  
c. B e m i s  
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T a b l e  2.2 ( c o n t i n u e d )  

~ _lll________ ............. - Shipped To ____ .......I_____.___ 

Najor  Nucl ide  ... .--_- Date I n d i v i d u a l  S i t e  . ~ 

Rerkeliuiii-249, p g  

70 
70  
70 
7 0  
70 

4 
1 
8 
8 
8 
8 
16 

8 
411 
.---- 

C a l i  f ornium- 2 4 9 
( i s o t o p i c a l l y  p u r e ) ,  !ig 

__I___..-- 

55 
7 . 4  
10 
7 2 . 4  

_______~..II?A Californium-252 

SO 
50 

3 
1 0  
100 

10 
10 

2 00 
1.00 

1 0  
25 

350 
1.0 
100 

10-11-67 
1.0-11 -67 
10-11-67 
10- 1 7 .  - 6 7 
10-11 - 5 7 
1 1  -14-67 

5-16-58 
5-20-68 
5-20-68 
5-20-68 
5-20-68 
6- 14-68  
5- 14-68 

9-28-67 
1-1 6-68 
5- 16- 6 8 

1-26-67 
1-26-67 
6-01-67 
8-07-57 
9-08-67 
9-15-57 

11-1/6-67 
12-0 8-67 
12-15-67 

1-16-68 
1-22-68 
2-12-68 
4-01- 68 
4 -12-68 

R. D.  Baybarz  
A. Ghiorso 
R. W. Hoff  
R. A .  Penlieman 
P .  R. F i e l d s  
J. H a l p e r i n  
B. Weaver 
P .  F i e l d s  
R. W. Hoff 
'T. C.  Parsons 
M. L .  Hyder 
R. Baybarz 
IC. Raybarz 

0 RNL 
LRL-R 
LRL-L 
TASL 
ANL 
ORNL 
ORNL 
mi2 
LRL-L 
LRL .- H 
s KL 
ORNL 
ORNL 

A .  Ghior so  LRL-B 
J .  H a l p e r i n  ORNL 
A.  Ghi-orso LRL -B 

P .  R.  F i e l d s  
A.  R. Boulogne 
0 .  L. Kell-er 
0. L.  Kel le r  
A. R. Boulogne 
I s n t  opes S a l e s  
J. H a l p e r i i ~  
C.  H .  Youngquist  
A. R. Boulogne 
Csotopcrs Sa le s  

A .  K. Boulogne 
Enzo R i r c i  
I s o t o p e s  Sales 
K. A. Penneman 

ANI, 
SIX 
ORNL- TRL 
OPaI,--TRL 
s RL 
om1 1 
ORNL 

SRL 
OWL 
SRT, 
OKNT, 
ORiiL 
TASL 

AN r, 
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Table 2.2 (continued) 

50 
1 
1 
11 

1. 
50 

11.4 2 

( i s o t o p i c a l l y  pure)  up, 
I ----I_^ 

1.0 
0. 1. 
1.. 1 
-.- 

1 
2 
0-1 
0.7 
3.2 

6.6 
0.8 
1.4 
1.4 
0.5 
0.5 
0.5 

1 5 . 5  

2 , a  

-_I 

4-12-68 
4-23-68 
4-30-68 
5-08-68 
5-15-68 
6-16-68 

5-  1 9  - 6 7 
6-09-67 
7 -0 1-6 7 
7-01-67 
9-15-67 
9-22-67 
3- 18 - 68 
4- 0 5 - 6 8 
4-05-68 
4-05-68 
4 - 1 2  - 68 
4- 12- 6 8  
4-1 2 - 6 8 

Idaho  Nuclear Co. M. s. Moore 
C. B e m i s  ORNL -T RL 
E .  K. Nule t  1; R I A - L  
C. Bemis OF.NT,-TRI. 

A. R. Boulogne SRL, 
R. L. P o l g e r  S RL 

HI Diamond 
11, Diamond 

E.  K. 
13. u .  
R .  A ,  
1'. R. 
P .  K. 
P .  K. 
T'. I:. 
T. C. 
R. W. 
P .  R. 
'T* @. 
R. w. 
P. R. 

Hulet 
Cunning h a m  
Penneman 
F i e l d s  
F i e l d s  
F i e l d s  
Parsons 
Parsons  

F i e l d s  
Pars o~is 
Hof f 
F i e l d s  

H Q f f  
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Table  2.3.    so topic Concent raLions  of Some of t he  Curium 
and Ca l i fo rn ium i n  TRU on .July 1, 1968 

Calif  orn i im 

...l__l .._ -. _- 
A tom 

~ ____..I__ I ...__ __ __ 

Cf 4 249 

250 

251. 

Cf 1 6  

Cf 5 

252cf 15 

Curium 

_.._..____ ___ _____._____--.- 
- .. A t o m  % 

From F r om 
~ _ I _ _ _  _.___ ___I_ -- 

I r r a d i a t e d  T a r g e t s  _______.__ SRP S o l u t i o n  
I I so tope  ... 

24ZCm 0.002 

243Cm 0.037 

244cm 90.83 94.66 

245cm 0 .769  1 .770  

246Cm 7.87 3.449 

247  Cm 

248cm 

0.200 

0.266 

0.063 

0 * 019 



2.2 I r r a d i a t i o n  and P rocess ing  Proposa1.s 

The e s t i m a t e d  f u t u r e  p r o d u c t i o n  rates o f  t rnnscun iun i  elerrients are 

gi-wen i n  Table  2 . 4 .  

i s  used t o  i.ndi.cate long-term p r e d i c t i o n s ;  249Bk and 253&s are  l i s t e d  

f o r  o n l y  t he  n e x t  18 months.  The estimate of ca.1iforniu.m p r o d u c t i o n  

i s  based  on t h e  assumpt ion  t h a t  80% of a l l  of the curium isotopes t h a t  

are r e c o v e r e d  d u r i n g  each  p r o c e s s i n g  camparign are r e c y c l e d  t o  t h e  IIFIR 

tor t r anscu r iun i  e lement  producti .on.  The other 20% has been assumed t o  

c o n s t i t u t e  p roduc t  shipments (p robab ly  after mass separati-on i.n t h e  

c a l u t r o n s  t o  conc.entrate heavy - isotopes)  and p r o c e s s i n g  losses ~ 

Because of its r e l a t i v e l y  long  hal.f-life, 2 5 2 C f  

In J u l y  1968  we  p l a n  t o  p r o c e s s  13 pl-utonium targetrs t h a t  have 

been i . r r a d i a t e d  i n  t h e  HFIR s i n c e  i t  f i r s t  went t o  power :in September 

1966,. 

a s  Pu02.  About 1 rng of S49Bk, 6 mg of 252Cf:, and 30 pg of 253Es w i l l  

be p u r i f i e d  as p r o d u c t s ,  and 15 g of 242.Pu, S g of 2 L ; 3 ~ ,  and 40 g of: 

2 4 ' + ~ m  w i l l  be r ecove red  f o r  use i n  making re-cyele ta rge ts .  

Lo r e c o v e r  about  120 g each  of 2L"tCm and 2Lt3Am, from the remain ing  SRT 

s a f f  i n a t e  s o l u t i o n  p l u s  some rework m a t e r i a l ,  t o  p r o v i d e  f e e d  materi.al 

f o r  fu t . u re  i r r a d i a t i o n .  W e  expect t o  i s o l a t e  an interrpst ing c a l i f  o r n i  ~ i m  

p r o d u c t  (300  p g >  from  he SRP r a f f i n a t e  s o l u t i o n .  Because it will c o n t a i n  

only  abou t  204 2s2 .C f  i t  will e m i t  much less hazardous  r a d i a t i o n  per u n i t  

mss t h a n  ~ i i r  usual californi.um product:. '1:herefrsre ratliochenis ts c.an 

exper iment  w i t h  f o u r  t o  f i v e  times as mucti of this cali.fornium as 2 5 2 ~ f ,  

S i n c e  i t  c o n t a i n s  about  252 2 5 G C f ,  t h i s  c a l i f o r n i u m  w i l l  a l s o  be of 

i n t e r e s t  as a t a r g e t  material  f o r  heavy i o n  bombardment. 

Each t a r g e t  o r r i g i n a l l y  con ta ined  8 g of  plutonium (95.72 242P11) 

Theti w e  p l a n  

S i x  americium-curturn t a r g e t s  will be  p rocessed  i n  J a n u a r y  1969 a f t e r  

having  been i r r a d i a t e d  f o r  seven months.  T h i s  w i l l  be t h e  f i r s t  g roup  

o f  americium-curium t a r g e t s  (see Sect  I) 3 . 8 ) .  Each target  o r i g i n a l l y  

con ta ined  4 . 4  g of '-'+'-t~rn 

of 2 4 3 A ~ e  

4.7 1Jg of 2 5 3 ~ s  as p u r i f i e d  p r o d u c t s .  

0 . 3  g o f  h e a v i e r  curium i s o t o p e s ,  and 0.8 g 

We expect: t o  r e c o v e r  1 . 2  mg of 2"9Bk, 10 mg of 252Cf, and 

Also ,  i n  the early p a r t  o f  1969,  w e  expect: t o  obtai.n about  20 y g  

of e i n s t e i n i u m  from the i r r a d i a t i o n  of 4 mg of *S2cf in the HFIR h y c ~ r a u ~ i c  
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r a b b i t  f a c i l i t y .  

i ng  approx ima te ly  3 mg of ? 5 2 C f  i n  t a r g e t s  i n  t h e  HFIR f l u x  t r a p  ( S e c t .  

4 . 1 ) ;  however, t h e  y i e l d  w a s  d i s a p p o i n t i n g l y  low ( o n l y  6 ug as compared 

w i t h  t h e  18 ug expec ted )  because n e u t r o n  c r o s s - s e c t i o n s  f o r  t h e  r e a c t i o n s  

invo lved  had been i n c o r r e c t l y  e s t i m a t e d .  I n  t h e  r a b b i t  f a c i l i t y  w e  w i l l  

i r r a d i a t e  t h e  252Cf  f o r  a s h o r t  time t o  produce 253Cf and t h e n  withdraw 

i t  to a l l o w  the 253Cf t o  decay t o  2 5 3 E s .  We plan 3 c y c l e s  of 3 days of 

i r r a d i a t i o n  and 15 days  of decay. Eased on o u r  estimates of t h e  param- 

e t e r s  f o r  t h e  competing r e a c t i o n s ,  t h i s  i s  the optimum p r o d u c t i o n  s c h e d u l e .  

We produced Some e i n s t e i n i u m  i n  March 1968 by i r r a d i a t -  

I n  J u l y  1969, seven p lu ton ium t a r g e t s  (8 g of Pu - 95.7% 2'i'Pu) 

w i l l  be p rocessed  t o  r e c o v e r  abou t  1 . 3  mg of 74yY,k, 7 mg of L 5 2 C f ,  and 

35 pg of 2 5 3 E s  as p r o d u c t s ,  and 6 g of L L t 3 P ~ ,  2 .5  of 2Lt3Am, and 20 g 

of 2 4 4 C ~  f o r  r e c y c l e  t o  the IIFIR. 

About 13  g of  2 4 4 C m  and 2.6 g of h e a v i e r  curium i s o t o p e s  (80% of 

the  curium r e c o v e r e d  i n  J a n u a r y  from t h e  six americium-curium t a r g e t s )  

w i l l  be f a b r i c a t e d  i n t o  t h r e e  t a r g e t s  which w i l l  b e  i r r a d i a t e d  f o r  six 

months and w i l l  t h e n  be  p rocessed  i n  t h e  l a t t e r  p a r t  oi 1969. About 2 mg 

of  24YBk,  28  mg of 25zCf,  and 132 u g  o f  2 ' 3 3 E s  w i l l  be  r ecove red  as p u r i -  

f i e d  p r o d u c t s ;  t h e  r e s i d u a l  curium w i l l  b e  r e c y c l e d  t o  t h e  HFIR f o r  

a d d i t i o n a l  i r r a d i a t i o n .  

2.3 Estimates of t h e  A v a i l a b i l i t y  of 

Transuranium E l  emen t s 

Although p lu ton ium,  aiaeric-ium, and cur ium are u s u a l l y  c o n s i d e r e d  to 

h e  i n t e r m e d i a t e  f e e d  materials r a t h e r  t h a n  p r o d u c t s ,  w e  have p u r i f i e d  

arid d i s t r i b u t e d  i s o t o p e s  of t h e s e  e l emen t s  ( p r i m a r i l y  /11'7Pup 343A111, and 

2 L t 4 C m ) .  W e  a l s o  e x p e c t  t o  p r o v i d e  small q u a n t i t i e s  of  t h e  heavy c r i r j u m  

isot:opes, 2'+6cm9 7 4 7 ~ m 9  and "+hCm, f o r  e x p e r i m e n t a l  work. Elowever, t ~ i P s e  

i s o r o p e s  arc v e r y  f e r t i l e  f e ~ d  materials f o r  t he  p r o d u c t i o n  of t r a n s c u r i u m  

e l e m e n t s  and t h e  p s o d u c t i  on ra te  of t r a n s c u r i u m  e lemen t s  w i  1 3  be d r a s t i -  

c a l l y  r educed  i f  a large f r a c t i o n  of the a v a i l a b l e  heavy curium i s o t o p e s  

i s  removed from t h e  p r o d u c t i o n  3. i r ie .  
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2 a 3 . 1  Berkelium .--..._ 

About 5.5 mg of- 249Bk w i l l  be  a v a i l a b l e  d u r i n g  the n e x t  18 months: 

1 mg i n  August 1968, 1 . 2  mg i n M a r c h  1969, 1 . 3  mg i n  August 1969, 

and 2 mg i n  December 1969. IL would be p o s s i b l e  t o  i n c r e a s e  t h e  ra te  

of p r o d u c t i o n  of be rke l ium i f  i r r a d i a t i o n - p r o c e s s i n g  s c h e d u l e s  were 

op t imized  f o r  t h e  p r o d u c t i o n  of berkel iuui  i n s t e a d  of c a l i f o r n i u m .  How- 

e v e r ,  t h i s  would c o n s i d e r a b l y  d e c r e a s e  t h e  ava i  l a b i l i t y  of c a l i f o r n i u m .  

We expec t  t o  produce 6 [ng of inixed c a l i f o r n i u m  i s o t o p e s  ( abou t  

75-80% 252Cf) i n  August 1968 and 4 5  mg i n  1969. 

1968, about  "30 p g  of  c a l i f o r n i u m  w i l l  b e  r ecove red  from t h e  SRP r a f f i n a t e  

s o l u t i o n .  T h i s  p r o d u c t  w i l l  c o n t a i n  abou t  45% 2 4 9 C f  252 7 5 0 C f  10% 

7 5 1 C f ,  and 20% 252Cf. 

I n  the l a s t  h a l f  of 

P r o d u c t i o n  of i s o t o p i c a l l y  p u r e  2 ' t 9 C f  by "milki ~ig'l "+'Bk i s  n(-,t 

a n t i c i p a t e d  i n  t h e  n e x t  18 months because w c  e x p e c t  t o  s h i p  a l l  of t h e  

be rke l ium as soon as i t  becomes a v a i l a b l e .  

2 . 3 . 3  E ins  tei.nium _I_......_ 

We w i l l  r e c o v e r  30 1-18 of 7 5 3 F s  ( abou t  0.3% 7 5 " E s  and 0.06%255Es)  

i n  August 1968. 

and 20 ug from t h e  i r r a d i a t i o n  of 4 mg of c a l i f o r n i u m  i n  the HFIR hyrl-cau- 

lic r a b b i t  f a c i l i t y .  About 35 1-18 w i l l  bp s e p a r a t e d  i n  abou t  August 

1963,  and 1 3 2  1-18 is  a n t i c i p a t e d  from t h r e e  curiilm t a r g e t s  ( t h i r d - c y c l e )  

t h a t  wi I 1  be p rocessed  about  December 1969. 

I n  March 1969 w e  expec t  t o  r e c o v e r  47 p g  from targeLs 

After t h e  m i x t u r e  of e i n s t e i n i u m  i s o t o p e s  has been s e p a r a t e d  froiii 

i t ,  t h e  p u r i f i e d  c a l i f o r n i u m  w i l l  be  s t o r e d  t o  a l l o w  253Es i o  be  formed 

f rom t h e  decay of 2 5 3 C f ,  and t h e  second-growth 2 5 3 E s  w i l l  be r ecove red .  

About 1 7  yg of i s o t o p i c a l l y  p u r e  2 5 3 E s  w i l l  be  "milked" from the ca l i -  

fornium t h a t  will be i s o l a t e d  i n  March 1969,and 9 pg w i l l  be  milked from 

t h e  c a l i f o r n i u m  t h a i  w i l l  b e  i s o l a t e d  i n  August 1969. 
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2.3.4 Fermium 

Approximately 1 .5  x I O 7  atoms of 257Pm p e r  m i l l i g r a m  of 252Cf w i l l .  

h e  p r e s e n t  i n  each  b a t c h  of c a l i f o r n i u m  t h a t  w i l l  be r ecove red .  Thus,  

about  9 x l o 7  atoms w i l l  be a v a i l a b l e  i n  August 1968, 2 x l o 8  atoms i n  

March 1969,  1 x l o 8  atoms i n  August 

1969.  

1969,  and 4 x lo8 atoms i n  December 

2 . 4  Computa t iona l  Methods and Nuclear  Cross  S e c t i o n s  

Two computer programs are  used  i n  p r e d i c t i n g  t h e  compos i t ions  of 

t a r g e t s  t h a t  have been i r r a d i a t e d  i n  t h e  HF1.R. The f i r s t  program, an  

e x t e n s i o n  of ea r l i e r  programs based  on t h e  CRUPJCH6 code ,  i s  used t o  

c a l c u l a t e  p r o d u c t i o n  rates of t h e  v a r i o u s  i s o t o p e s  d u r i n g  n e u t r o n  i . r r a d i a -  

t i o n .  I t  h a s  two d i s t i n g u i s h i n g  f e a t u r e s :  i t  i n c l u d e s  e x p l i c i t  

c o n t r i b u t i o n s  from e p i t h e r m a l  neut r lnn  r e a c t i o n s  and '  it makes a n  approx- 

imate c a l c u l a t i o n  of r e sonance  s e l f - s h i e l d i n g  e f f e c t s ,  which cause  t h e  

e f f e c t i v e  n e u t r o n  cross s e c t i o n s  f o r  p a r t i c u l a r  n u c l i d e s  t o  vary d u r i n g  

i r r a d i a t i o n  as t h e  c o n c e n t r a t i o n s  of t h e s e  n u c l i d e s  change. 

Two 2421b targets, which w e r e  i r r a d i a t e d  a t  t h e  SRP t o  about: 45% 

burnup and w e r e  s u b s e q u e n t l y  ana lyzed  f o r  'heavy-element c o n t e n t ,  s e r v e d  

as t h e  f i r s t  s u b j e c t s  f o r  t h i s  code.  Numerous c a l c u l a t i o n s  were made 

using t h e  known i r r a d i a t i o n  11i.s Lories of t h e s e  t a r g e t s  and v a r i o u s  as- 

sumed val.ues f o r  thermal -neut ron  c r o s s  s e c t i o n s .  The r e s u l t s  of t h e s e  

c a l c u l a t i o n s  were chen ana lyzed ,  u s i n g  the second computer program, wlii ch 

i n t e r p o l a t e s  and weighs t h e  r e s u l t s  by t h e  l e a s t - s q u a r e s  method, t o  

o b t a i n  t h e  s e t  o.E cross s e c t i o n s  t h a t  m o s t  n e a r l y  r e s u l t s  i n  t h e  conpo- 

sition observed  a t  t h e  end of i r r a d i a t i o n .  T h i s  second program i s  c a p a b l e  

of s i m u l t a n e o u s l y  c o n s i d e r i n g  t h e  d a t a  f o r  t e n  d i f f e r e n t  t a r g e t s .  

I n  t h e  a -na lys i s  t o  d a t e ,  r e sonance  a b s o r p t i o n  has  been based  on 

l i t e r a t u r e  v a l u e s  of inf i n i t e - d i l u t i o n  rcisonance i n t e g r a l s  (1280 and 

1.500 ~ m r n s  f o r  '.'+~Pu and 2"-3&, r e s p e c t i v e l y )  = 

e s t i m a t i n g  r e sonance  s e l f - s h i e l d i n g ,  a ma themat i ca l  model  t h a t  i s  appro- 

p r i a t e  to a s - lng le  nar row re sonance  w a s  assumed. The values f o r  thermal. 

For  t he  purpose  of 
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c r o s s  s e c t i o n s  (2200 m/sec> r e s u l t i n g  from t h i s  a n a l y s i s  a g r e e  w i t h  t h e  

lower end o f  t h e  r ange  of  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( see  Table  

2 . 5 ) .  
The resii1.t~ of t h e  a n a l y s i s  of  t h e  SKP i r r a d i a t i o n s  w e r e  used t o  

p r e d i c t  t h e  BFPR e f f e c t i v e  c r o s s  s e c t i o n s  of 242Pu and. 2't3Am, t h e  f i . r s t  

two members o f  t h e  t ransuranium-element  p r o d u c t i o n  c h a i n  (Table  2 . 6 ) .  

Reac to r  e f f e c t i v e  CXQSS s e c t i o n s  v a r y  d u r i n g  i r r a d i a t i o n  as t a r g e t  compo- 

s i t i o n s  change; t h i s  a n a l y s i s  was based on t h e  t a r g e t  composi t ions  a t  

t h o  end of one r e a c t o r - c o r e  l i f e t i m e  i n  t h e  H F I R .  

H F I R  t a r g e t  D-30, wh.ich had been i r r a d i a t e d  f o r  me  r e a c t o r - c o r e  

c y c l e  a i  90 Mw9 was d i s s o l v e d ,  and t h e  r e s u l t i n g  s o l u t i o n  w a s  ana lyzed  

f o r  t r ansu ran ium e lemen t s .  The r e s u l t s  were t h e n  s u b j e c t e d  t o  numer i ca l  

a n a l y s i s .  

2''3A1n are w i t h i n  1.0% of t h e  v a l u e s  p r e v i o u s l y  c a l c u l a t e d .  

i s  encouraging ,  i n d i c a t i n g  t h a t  t h e r e  are no g r o s s  d e f i c i e n c i e s  i n  t h e  

ma themat i ca l  model t h a t  i s  used t o  a l l o w  f o r  r e sonance  s e l f - s h i e l d i  ng 

f o r  t h e s e  two i s o t o p e s .  

E s t i m a t e s  of H F I R  e f f e c t i v e  c r o s s  s e c t i o n s  f o r  2 ! t 2 P ~  and 

T h i s  agreement 

Predic . t . ions of t h e  242-Pu9 243Am, and 244@rn c o n t e n t s  o f  t h e  f i r s t  

b a t c h  of 7.7 t a r g e t s  i r r a d i a t e d  b o t h  a t  t h e  SN' and i n  t h e  BFIk  were 

w i t h i n  10% of t h e  measured v a l u e s .  

t o o  h i g h  by a f a c t o r  of 1 .8 .  

The p r e d i c t e d  c o n t e n t  o f  252Cf w a s  

A s  l a r g e r  q u a n t i t i e s  o f  t h e  t r ansu ran ium e l e m e n t s  are  produced ,  

these two programs w i l l  b e  used repcated1.y t o  r e e v a l u a t e  c r o s s - s e c t i o n  

d a t a  and t o  make b e t t e r  p r e d i c t i o n s  of  t h e  a v a i l a b i l i t y  05 v a r i o u s  

i . so topes .  

3. PROCESSES AND EQUIPMENT 

The p r o c e s s e s  and equipment t h a t  are  used i n  TXTJ are c o n s t a n t l y  

be ing  modi f ied  as ou r  knowledge i n c r e a s e s .  These m o d i f i c a t i o n s  range  

from t r i v i a l  changes ( i . e . ,  changing t h e  c o n c e n t r a t i o n  of a p r o c e s s  

s t r eam)  t o  s i g n i f i c a n t  ones ( i . e . ,  us ing  a completely new p r o c e s s  t o  

per form one of t h e  processi-ng s t e p s )  . 
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a Table 2.5. Equivalent 2200-m/sec Cross Sections 

1. sw slug 

2. HFIR prototype 

3 .  Combined analysis of 1 and 2 

4 .  HFIR-irradiated target D-30 

5. Combined analysis of 1, 2, 
and 3 

Literature values b 

1.9.12 83.56 

18.04 63.93 

18.57 74.85 

16 a 39 73" 66 

18.00 7 3 . 7 4  

17.5-30 7 3.6-183 

a 

bCross Sections for Transuranium -.I___ Element Production, ---- BNL-982 
In barns 

(T-415), Neutron Cross Section Evaluation Group, Brookhaven 
National Laboratory (May 1966). 

Table 2.6. HFIR Effective Cross Sections" 

Cross Section (barns) 
1_ _._I 

Predicted Ohs erved Percentage 
(from SRP Data) (D-30) Difference 

242Pu 22.1 20.3 - 8 . 3  

9 9 . 6  9 8 . 6  -1.0 
243h 

-__- -___ - 
a Reactor effective cross sections vary during irradiation as 

target compositions change. These values are for the end of one 
irradiation cycle. 



Because t h i s  i s  t h e  f i r s t  r e p o r t  i n  a ser ies ,  w e  w i l l  summarize t h e  

s t a t u s  of p r o c e s s  development f o r  each p r o c e s s  s tep and wi1.1. d i s c u s s  

t h e  most impor t an t  changes t h a t  have been made s i n c e  TRU became opera-  

t i o n a l .  A l so ,  w e  w i l l  d i s c u s s  some of t h e  major  problems t h a t  WE! have 

encoun te red .  

F i g .  3 . 1  i.s a b l o c k  diagram showing t h e  p r o c e s s i n g  s teps  t h a t  a r e  

r e q u i r e d  f o r  t r ansu ran ium element  p roduc t ion .  These s t e p s  are: (I) t h e  

p r e p a r a t i o n  of a f e e d  s o l u t i o n  by d i s s o l v i n g  i r r a d i a t e d  t a r g e t s ;  ( 2 )  t h e  

r ecove ry  of p lu tonium;  ( 3 )  t h e  decon tamina t ion  of t h e  t r ansp lu ton ium 

e lemen t s ;  ( 4 )  t h e  s e p a r a t i o n  of americium and curium from t h e  t r anscu r ium 

e lemen t s ;  (5)  t h e  s e p a r a t i o n  and p u r i f i c a t i o n  of be rke l ium,  c a l i f o r n i u m ,  

ei.nsteicii.tim, and fermium; ( 6 )  t h e  p r e p a r a t i o n  of americium-curium ox ide  

mic rosphe res ;  and ( 7 )  t h e  f a b r i c a t i o n  of t a r g e t s  t o  be  i r r a d i a t e d  i n  t h e  

H F I K .  

The f i r s t  f o u r  p r o c e s s i n g  s t e p s ,  p l u s  t a r g e t  f a b r i c a t i o n ,  are be ing  

performed r o u t i n e l y  i n  t h e  main TRU o p e r a t i n g  f a c i l i t i e s .  P l a n t - s c a l e  

equipment f o r  making americium-curiiim ox ide  mic rosphe res  i s  b e i n g  in-  

s t a l l e d .  P l a n t - s c a l e  p r o c e s s e s  (and equipment)  f o ~  s e p a r a t i n g  and 

p u r i f y i n g  t h e  t r anscu r ium elementis are s t i l l  i n  t h e  development s t a g e ;  

i n  t h e  i n t e r i m ,  t h e  s e p a r a t i o n  and p u r i f i c a t i o n  are being car r ied  ou t  

i n  equipment t h a t  i s  i n s t a l l e d  i n  c e l l  5 i n  TKU. When a p r o c e s s  becomes 

s u f f i c i e n t l y  deve loped ,  equipment fo-r  i t  w i l l  be  i n s t a l l e d  i n  t h e  inain- 

l i n e  p r o c e s s i n g  a r e a ;  t h e  temporary equipment w i l l  t h e n  b e  removed from 

c e l l  5 .  

Product  f i n i s h i n g  o p e r a t i o n s  and s p e c i a l  s e p a r a t i o n s  wi l . 1  c o n t i n u e  

t o  b e  performed i n  c e l l  5 and i n  s u p p o r t i n g  s h i e l d e d  cave  f a c i l i t i e s .  

A s  p r o d u c t s  r e a c h  c e r t a i n  l e v e l s  of p u r i t y ,  t hey  must be  moved t o  pro- 

g r e s s i v e l y  c l e a n e r  f a c i l i t i e s  and f i n a l l y  t o  s h i e l d e d  caves o r  t o  g l o v e  

boxes t h a t  are used on ly  f o r  hand l ing  p r o d u c t s .  

3.1 D e s c r i p t i o n  of a T a r g e t  

A H F I K  t a r g e t  rod ( s e e  F ig .  3 .2 )  c o n s i s t s  of a c t i n i d e - b e a r i n g  corn-- 

p a c t s  ( p e l l e t s )  w i t h  i n n e r  conta inment  j a c k e t s  > a n  o u t e r  c l a d d i n g  t u b e  
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Fig. 3.1. Processing Steps  TJsed f o r  Transuranium Element  P r o d u c t i o n ,  



1.8 



with i n t e r m i t t e n t  f i n s ,  s u p p o r t  l i n e r s  and p l u g s ,  and a n  o u t e r  spac ing  

s h e a t h  ( coo lan t - f low shroud t u b e ) .  U s u a l l y ,  35 aluminum-clad p e l l e t s  

c o n t a i n i n g  a c t i n i d e  o x i d e s  d i s p e r s e d  i n  aluminum powder are inc luded  i n  

the 20-in. act ive l e n g t h .  These p e l l e t s  are nominal ly  0 .249  i n .  i n  diam- 

e t e r  and 0 .571  i n .  l ong .  The p e l l e t s  and t h e  s u p p o r t  l i n e r s  are s e a l e d  

i n  t h e  t a r g e t  t u b e  by welded end p l u g s .  The hex s h e a t h  f o r  c o o l a n t  flow 

i s  mechan ica l ly  s t a k e d  t o  i n t e r m i t t e n t  f i n s  on t h e  t a r g e t  t u b e .  

3 .2  T a r g e t  D i s s o l u t i o n  

The main- l ine  p r o c e s s  f o r  d i s s o l v i n g  t a r g e t s  i s  r o u t i n e  i n  TRU. The  

aluminum coo lan t - f  l o w  shroud t u b e  is removed m e c h a n i c a l l y ,  and t h e  remain- 

i n g  aluminum ( t a r g e t  rod arid m a t r i x )  is  d i s s o l v e d  i n  a Z i rca loy -2  d i s s o l v e r  

u s i n g  6 - M NaOH--3 - M N a N 0 3 .  

th rough a f i l r e r ,  and t h e  r e s i d u e  of a c t i n i d e  o x i d e s  i s  d i s s o l v e d  u s i n g  

6 - M H C 1 .  Twenty t a r g e t s  have been d i s s o l v e d  i n  this manner. No t r o u b l e  

has been expe r i enced  i n  r e t a i n i n g  t h e  a c t i n i d e  r e s i d u e  w h i l e  removing 

t h e  c a u s t i c  s o l u t i o n ;  less t h a n  0.02% of t h e  curium has been  l a s t  t o  t h e  

d e j a c k e t i n g  waste. 

The aluminum-bearing s o l u t i o n  i s  decan ted  

There  are two advan tages  o f  c a u s t i c  d e j a c k c t i n g ;  (1)  Removing t h e  

aluminum p r i o r  t o  Trarnex i n c r e a s e s  t h e  t h roughpu t  ra te  of a c t i n i d e s  about  

t e n f o l d  (because  of  t h e  l o w  s o l u b i l i t y  of aluminum i n  Tramex f e e d  s o l u t i o n ) .  

( 2 )  
a l l o w i n g  the p r o c e s s i n g  of sho r t - coo led  t a r g e t s .  

Much of t h e  r a d i o i o d i n e  i s  r e t a i n e d  by t h e  c a u s t i c  s o l u t i o n ,  t h e r e b y  

Some p lu tonium ox ide  t a r g e t s  i n  which t h e  burnup of p lu tonium i s  less  

t h a n  70 t o  75% r e q u i r e  f luo r ide -ca t a . lyzed  HN03 f o r  comple te  d i s s o l u t i o n .  

The p r o t o t y p e  H F I R  targt?ts  and some of t h e  SRP s l u g s  were d i s s o l v e d  w i t h  

t h  is r e a g e n t  i n  a temporary s t a i n l e s s  s tee l  d i s s o l v e r  sys tem,  which h a s  

been  removed from t h e  cells. Then, a f l u o r i d e  removal t r e a t m e n t  was re- 

q u i r e d  bccause  t h e  TYUJ equipment ,  which i s  f a b r i c a t e d  from Zircaloy-:! o~ 

t an t a lum,  i s  n o t  compa t ib l e  w i th  f l u o r i d e .  W e  b e l i e v e  t h a t  very l i t t l e  

low-burnup material will have to lie -pocessed in  t h e  f u t u r e .  Thus it can 

be d i s s o l v e d  and t reated for f l u o r i d e  removal i n  s m a l l ,  glass equipment 

p r i o r  co b e i n g  i n t r o d u c e d  i n t o  main- l ine  equipment ,  
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3.3 Recovery of  Plutonium 

When TRU f i r s t  became o p e r a t i o n a l . ,  w e  expec ted  t o  u s e  a n  a n i o n  

exchange method ( t h e  P l u r t x  p r o c e s s )  t o  r e c o v e r  plutonium, The n i - t r a t e -  

based v e r s i o n  of t h e  PPur ix  p r o c e s s ,  which  h a s  been i n  u s e  f o r  many year’s, 

proved t o  be s a t i s f a c t o r y  i n  TRU f o r  p r o c e s s i n g  low-bumup t a r g e t s  t h a t  

had been d i s s o l v e d  i n  WN03. A ch lo r ide -based  v e r s i o n  w a s  i n v e s t i g a t e d  

because  t h e  r e s u l t i n g  t r a n s p l u t o n i u m  p r o d u c t  would be  i n  a c h l o r i d e  form, 

as is r e q u i r e d  f o r  t h e  Tramex p r o c e s s .  The ch lo r ide -based  P l u r i x  p r o c e s s  

was t e s t e d  s u c c e s s f u l l y  i n  g l a s s  equipment;  however, i n  t h e  m e t a l  equipment 

i n  TRU, t h e  plutonium i n  t h e  f eed  was reduced to Pu(PZT), which does n o t  

l o a d  on t h e  r e s i n .  Ox idan t s  s t r o n g  enough t u  keep t h e  plutonium oxi.dized 

caused e x c e s s i v e  c o r r o s i o n  of equipment.  Consequent ly ,  t h e  ch lo r ide -based  

p r o c e s s  was abandoned as a main--1.i.iie p r o c e s s  when t h e  s i m p l e  b a t c h  ex- 

t r a c t i o n  method ~ which i s  d i s c u s s e d  below $ was s i i c c e s s f u l l y  demons t r a t ed .  

During the p r o c e s s i n g  of t h e  1.ast t h r e e  SRP s l u g s ,  w e  w e r e  unab le  t o  

r e c o v e r  plut:onium, u s i n g  t h e  ch lo r ide -based  F l i i r i x  p r o c e s s ,  because  of 

equipment f a i l u r e .  A deLay f o r  r e p a i r  would have caused a d r a s t i c  reduc- 

t i o n  (because  of r a d i o a c t i v e  decay) i n  t h e  y i e l d  of e i n s t e i n i u m ;  t h e r e f o r e ,  

we dec ided  t o  u s e  a s i m p l e  b a t c h  e x t r a c t i o n  p r o c e s s  a f t e r  i t  had under- 

gone on ly  c u r s o r y  t e s t i n g .  Later ,  we i n v e s t i g a t e d  f l o w s h e e t  p a r a m e t e r s  

i n  a development program. 

I n  t h i s  b a t c h  e x t r a c t i o n  p r o c e s s ,  t h e  f eed  i s  made 5 M i n  H C l ,  and 

0 , 0 5  - M HNO3 i s  added as o x i d a n t  t o  m a i n t a i n  plutonium as Pu(1V). 

s o l u t i o n  i s  c o n t a c t e d  w i t h  t w o  volumes ( f e e d  s o l u t i o n  = 1 voluine) o f  1 M 

d i  (2-ethy1hexyl)phosphoric a c i d  (HDEHP) i n  d i e thy l .benzme  (DER) by a i r  
s p a r g i n g  t h e  t ank .  

T h i s  

The aqueous p h a s e  i.s pumped from I:he t a n k ,  and t h e  o r g a n i c  phase  i s  

scrubbed w i t h  t h r e e  one-volume c o n t a c t s  of 5 - M BC1--0.02 - M H N Q 3 .  

s c r u b  s o l u t i o n s  are added t o  t h e  cur:i.um p r o d u c t  sol .ut ion.  A n i t r a t e - f r e e  

wash i s  made w i t h  5 __ M H C 1 ,  which i s  c o l l e c t e d  as t h e  f i r s t  f r a c t i o n  of 1:be 

plutonium p r o d u c t .  The n i t r a t e  i s  removed t o  p r e v e n t  i t  from i n t e r f e r i n g  

w i t h  t h e  r e d u c t a n t  i n  t h e  n e x t  step. The key t o  the  p r o c e s s  i s  t h e  u s e  

of a n  o r g a n i c - s o l u b l e  r e d u c t a n t  ( 0 . 2 5  volume of 0 .2  E 2 ,5 -d i - r e r t -bu ty l -  . . .. 

hydroquinone i n  2-ethylhexanol)  t o  r educe  t h e  e x t r a c t e d  p l i i t on iua  i n  t h e  

The 
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o r g a n i c  phase  and t o  a l l o w  i t  t o  b e  s t r i p p e d  i n t o  5 M HCl (1 volume) 

c o n t a i n i n g  0 . 1  - M hydroxylamine as a h o l d i n g  r e d u c t a n t .  
I 

The s e p a r a t i o n  between p lu tonium and t h e  t r a n s p l u t o n i u m  elements 

h a s  been good, and r e c o v e r i e s  have  been  h i g h .  Gross  g a m a  decontami- 

n a t i o n  f a c t o r s  f o r  p lu tonium have been i n  t h e  same range  as t h o s e  o b t a i n e d  

by t h e  ion  exchange method (about  1 5 0 ) .  

An advan tage  of t h e  b a t c h  e x t r a c t i o n  p rocedure  ove r  t h e  i o n  exchange 

method i s  t h a t  i t  removes z i rconium from b o t h  t h e  p lu tonium and t r a n s p l u -  

tonium p roduc t  f r a c t i o n s .  As much as 50 g of  z i rconium h a s  been i n t r o d u c e d  

i n t o  d i s s o l v e r  s o l u t i o n s  by c o r r o s i o n  of metal equipmenr;  t h i s  contaminant  

forms s o l i d s  t h a t  can p lug  equipment l i n e s  when t h e  p roduc t  streams are 

evapora t ed  t o  small volumes. A l s o ,  subsequen t  o p e r a t i o n  of t h e  Tramex 

p r o c e s s  i s  a d v e r s e l y  a f f e c t e d  i f  t h e  f e e d  c o n t a i n s  more t h a n  about  1 g of 

z i rconium p e r  l i t e r .  

3 . 4  F i r s t - C y c l e  S o l v e n t  E x t r a c t i o n  P r o c e s s  (Tramex) 

T h e  Tramex s o l v e n t  e x t r a c t i o n  p r o c e s s ,  which i s  used € o r  s e p a r a t i n g  

t h e  a c t i n i d e  and t h e  l a n t h a n i d e  e l e m e n t s ,  i s  o p e r a t i o n a l  i n  TRU. I ts  

performance h a s  been s a t i s f a c t o r y ;  o n l y  a f e w  minor d i f f i c u l t i e s  have been 

expe r i enced .  I n  r e c e n t  r u n s ,  g r a s s  gamma decon tamina t ion  f a c t o r s  of 175 

t o  200 were o b t a i n e d ,  The curium and americium i n  t h e  Tramex p roduc t  are 

s u i t a b l e  f u r  r e c y c l e  t o  t h e  H F I R  w i t h o u t  f u r t h e r  decon tamina t ion  because  

remote r e f a b r i c a t i o n  t e c h n i q u e s  w i l l  be  used i n  p r e p a r i n g  t h e  t a r g e t s .  

An i m p o r t a n t  p r o c e s s  development i s  t he  modif ied  method f o r  a d j u s t i n g  

t h e  compos i t ion  of t h e  f e e d .  O r i g i n a l l y ,  when LiCl w a s  added and t h e  f e e d  

w a s  hea t ed  t o  remove e x c e s s  a c i d ,  t h e  f e e d  w a s  c o n c e n t r a t e d  t o  o n l y  8 M 

L i C I ,  which reduced  t h e  excess  a c i d  c o n c e n t r a t i o n  t o  o n l y  0.5 M, and then 

i t  w a s  a d j u s t e d  t o  11 M L i C l  u s i n g  13.5 - M L i C l .  

volume. The l i m i t i n g  f a c t o r  w a s  the h y d r o l y s i s  O F  z i r con ium when the a c i d  

c o n c e n t r a t i o n  Eel1 below 0.5 - M. 

comple t e ly  v o l a t i l i z e d  and the z i r c o n i u m  i s  a l lowed to hydro lyze  and pre-  

c i p i t a t e  while t h e  l i t h i u m  i s  c o n c e n t r a t e d  t o  12 M (137*C)., Then, 

s u f f i c i e n t  HCL i s  added t o  b r i n g  t h e  a c i d  c o n c e n t r a t i o n  t o  1 M ,  and t h e  

- 
I 

This  gave  a l a r g e  f e e d  

In t h e  mod i f i ed  p rocedure  t h e  a c i d  i s  

-_ 

I_̂  
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f eed  i s  d i g e s t e d  a t  120°C f o r  1 h r  t o  r e d i s s o l v e  t h e  hydro lyzed  z i rconium 

and t o  reiiiove e x c e s s  a c i d  

Two o t h e r  changes have been made in t h e  Tramex p r o c e s s  r e c e n t l y .  For 

unknown r e a s o n s  we w e r e  n o t  a b l e  t o  c o n t r o l  t h e  l o s s  of a c i d  i.n t h e  f eed  

(due LO r a d i o l y s i s )  by t h e  a d d i t i o n  of methanol ,  a p rocedure  which had been 

s u c c e s s f u l  i n  t h e  C u r i u m  Recovery F a c i l i t y ' .  However we found t h a t  adding  

c o n c e n t r a t e d  H C 1  t o  t h e  f eed  p e r i o d i c a l l y  t o  compensate f o r  a c i d  l o s s  w a s  

a s a t i s f a c t o r y  a l t e r n a t i v e .  

We have a l s o  modi f ied  t h e  method by which w e  p reven t  t h e  ox i -da t ion  

of cerium. Previousl .y ,  SnC12 w a s  added t o  t h e  f eed  f o r  t h i s  pu rpose ,  

Curren i ly , t h e  o rgan i  c - so lub le  r e d u c t a n t  d i -  _. tert--butylhydroqui.none . (DBHQ) 

is i n c l u d e d  i n  t h e  e x t r a c t a n t  a t  a c o n c e n t r a t i o n  of 0 .05 - M. Although both 

methods are e q u a l l y  e f f e c t i v e ,  t h e  SnC12 had t h e  d i s a d v a n t a g e  of  l o a d i n g  

t h e  s o l v e n t ,  whi.ch w a s  p a r t i c u l a r l y  t roublesome when r e c y c l e  ma ' i e r i a l  w a s  

p rocessed .  

Ln t h e  two y e a r s  t h a t  TKU h a s  been i n  o p e r a t i o n ,  more t h a n  300 g of 

244Cn1 ( p l u s  a s s o c i a t e d  transurani.um e l emen t s )  h a s  been p r o c e s s e d  i n  1 3  

Tramex p r o c e s s i n g  r u n s .  The l a t e s t  v e r s i o n  of t h e  Trainex Elowsheet i.s 

g iven  i n  P ig .  3 . 3 .  The r a f f i n a t e  from t h e  pl.utoniuni r e c o v e r y  s t e p  is  

a d j u s t e d  so t h a t  i t  i s  11 - M i n  T , i C 1  and 0 . 2  M i n  B C I ,  and t h e n  i t  i s  fed  

t o  t h e  Tramex p r o c e s s  a t  t h e  ra te  of  0 . 5  l i t e r / h r .  The t r ansu ran ium 

e lemenrs  are e x t r a c t e d  i n t o  a so lu l l ion  t h a t  i s  0 . 6  M i n  Adogen 364-MP 

(a h i g h - p u r i t y  t e r t i a r y  amine) ,  0 .03 - M i n  H C 1 ,  and 0.05 M __ i n  DBHQ,  i n  

d i e t h y l b e n z e n e  (DE:B) d i l u e n t .  'The f l o w  ra te  of t h e  e x t r a c t a n t  i s  1 . 5  

l i t e r s / h r .  S m a l l  amounts of e x t r a c t e d  l a n t h a n i d e s  a r e  scrubbed  o u t  o f  

the o r g a n i c  phase ,  us ing  a s o l u t i o n  of 11 M ... LiC1-0.2 - M HC1 ( f low rate, 

0.7 l i t e r / h r ) ,  and t h e  a c t i n i d e s  are  s t r i p p e d  from t h e  s o l v e n t ,  u s ing  

8 IICI ( f low r a t e ,  0 .5  l i t e r / h r ) .  

3 .5  P a r t i t i o n i n g  of A c t i n i d e s  

A t y p i c a l  Traiiiex product  ob ta ined  froin t h e  p r o c e s s i n g  of i r r a d i a t e d  

242Pu Large t s  c o n t a i n s  up t o  10,000 t i m e s  as milch americium and curium 

a s  t h e  t o t a l  amount of t r anscu r ium e lemen t s .  The next s t e p  r e q u i r e d  i n  
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TRU, namely,  t h e  s e p a r a t i o n  of t h e  t r anscu r ium e lemen t s  from americium 

and curium, i s  now be ing  accomplished u s i n g  a LiCl-based anion--exchange9 

p r o c e s s .  T h i s  p r o c e s s ,  which had been used s u c c e s s f u l l y  i n  t h e  l a b o r a t o r y  

f o r  y e a r s ,  w a s  s c a l e d  up i n  1967 i n  a development f a c i l i t y  ( c e l l  5 i n  ,mu) 
t o  p r o c e s s  t h e  Tramex p roduc t  so lu t i . ons  from t h e  p r o t o t y p e  t a r g e t s ,  t h e  

SRP s l u g s ,  and f i v e  of the SRP-HIFIR t a r g e t s .  Then, new equipment (of g l a s s  

and p l a s t i c )  w a s  i l l s t a l l e d  i n  the TRU p r o c e s s i n g  c e l l s  f o r  u se  on an even 

l a r g e r  scale. More than  200 g of 2 4 ' + C m ,  p l u s  a s s o c i a t e d  243Am and trans- 

curium e l emen t s ,  h a s  been proc-essed u s i n g  t h i s  equipment .  The l a r g e s t  

s i n g l e  batzch con ta ined  about  35 g of 2't'tCm and 2 4 3 ~ .  

permanent equipment t h a t  h a s  been f a b r i c a t e d  from tail talurn.  

We are i n s t a l l i n g  

The method f o r  p r e p a r i n g  t h e  f eed  f o r  t h e  LiCL-based an ion  exchange 

p r o c e s s  has  been s i i f f i e i e n t l y  improved t h a t  w e  no longe r  have d i f f i c u l t y  

i n  hand l ing  t h e  f e e d  s o l u t i o n .  I n  t h e  f eed  p r e p a r a t i o n  s t e p ,  t h e  Tramex 

p roduc t  i s  c o n t a c t e d  w i t h  1 - M BDEHP i n  DEB t o  remove zi.rconium and any 

r e s i d u a l  o r g a n i c  m a t e r i a l  t h a t  inight p r e c i p i t a t e  and i n t e r f e r e  w i t h  t h e  

i o n  exchange p r o c e s s .  Then t h e  Tramex p r o d u c t ,  which i s  2 t o  6 M .- i n  X A i C 1 ,  

i s  c o n c e n t r a t e d  u n t i l  i t  i s  13.1 - M i n  L i C l  by e v a p o r a t i o n  t o  a t empera tu re  

of  142.5"C. Hydroch lo r i c  a c i d  i s  added t o  b r i n g  t h e  a c i d  c o n c e n t r a t i o n  

t o  about  1 __ M ,  and t h e  s o l u t i o n  i s  d i g e s t e d  t o  remove excess  a c i d  ( a s  d u r i n g  

the Tramex feed  ad jus tmen t )  . This  procedure  c i rcumvents  t h e  problems 

i n v o l v i n g  h y d r o l y s i s  and p r e c i p i t a t i o n ,  and p e r m i t s  t h e  hand l ing  of  up 

t o  1 g of z i rconium i.n a b a t c h  of f e e d .  

The f e e d  i s  passed  through arr anion-exchange column of Dowex 1-XlO 

r e s i n  (200-300 mesh).  The a c t i n i d e s  and many of t h e  con taminan t s  a r e  

sorbed  on t h e  ani-on r e s i n  from 1 2  - M L i C 1 .  Curium l o s s e s  i n  t h e  f e e d  

e f f l u e n t  have been less t h a n  0.01%. 

Most of the n i c k e l  and t h e  rare e a r t h s  are e l u t e d  from t h e  r e s i n  

w i ~ t h  f i v e  t o  e i g h t  column d isp lacement  volumes of 10 E LiC1--0.1 M - 

NH20H*HC1---5 v o l  % C H 3 0 H .  The hyd-roxylamine i s  used t o  m a i n t a i n  cer ium 

i n  t h e  t r i v a l e n t  s ta te ,  and t h e  methanol  i s  used t o  s u p p r e s s  t h e  f o r m a t i o n  

of r a d i o l y t i c  g a s e s .  E l u t i o n  w i t h  t h i s  s o l u t i o n  i s  cont inued  u n t i l  an  

i n c r e a s e  i n  a l p h a  a c t j - v i t y  (due t o  2 4 4 C m ) i s  no ted  i n  t h e  e f f l u e n t .  

l o s s e s  t o  t h i s  wash have been less than  l . O % . )  The e l u e n t  i s  t h e n  changed 

(Curium 
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1:o 9 M LiC1--0.1 M H C 1 ,  and e l u t i o n  i s  con t inued  un t i l .  about  90 t o  95% 

o f  t h e  curium is e l u t e d .  A t  t h i s  p o i ~ i t ,  t h e  e l u e n t  i s  changed t o  8 - M 
H C 1 ,  and t h e  t r anscu r ium e lemen t s  a r e  s t r i p p e d  o f f  t h e  r e s i n  column. 

I f  t h e  volume of f e e d  i s  too  l a r g e  t o  b e  processed  i n  a s i n g l e  load ing  

of the r e s i n  column, t h e  t ranscur iurn  e lement  f r a c t i o n  i s  r e c y c l e d  t o  t11e 

f e e d  of t h e  subsequen t  l o a d i n g ,  and t h e  l o a d i n g - e l u t i n g  c y c l e  i s  r e p e a t e d  

i1nti .L a l l  of t h e  Trarnex p roduc t  s o l u t i o n  has  been p rocessed .  Then t h e  

t r a n s c u r i u m  c lement  f r a c t i o n  i s  g iven  a f i n a l  c y c l e  of p u r i f i c a t i o n ,  u s ing  

the LiCl-based anion-exchange p r o c e s s .  The e n t i r e  q u a n t i t y  of t r a n s -  

curium e l e m e n t s ,  a long  w i t h  o n l y  a very small f r a c t i o n  of t h e  o r i g i n a l  

americium and curium, i s  c o l l e c t e d  i n  a s i n g l e  s o l u t i o n .  T h i s  g r e a t l y  

sh ip1  i f  ies t h e  subsequen t  s e p a r a t i o n  of t h e  t r anscu r ium e lemen t s  , 

I - 

We are deve lop ing  a con t inuous  s o l v e n t  e x t r a c t i o n  p r o c e s s  (Bepex) l o  

t o  s e p a r a t e  t h e  t r anscu r ium e lemen t s  from t h e  americium and cur ium.  I n  

t h e  Pharex p r o c e s s ,  which was cons ide red  o r i g i n a l l y ,  t h e  heavy a c t i n i d e s  

are s e p a r a t e d  from americium and curium by p r e f e r e n t i a l  e x t r a c t i o n  i n t o  

2-e thylhexyl  phenylphosphonic  a c i d  (HEH[$P])from d i l u t e  HC1.  The Pharex 

p r o c e s s  can p rov ide  t h e  r e q u i r e d  s e p a r a t i o n  under  i d e a l  c o n d i t i o n s ;  how- 

e v e r ,  t h e  p re sence  of 100 ppm o f  z i rconium i n  t h e  f eed  i n c r e a s e s  t h e  

d i s t r i b u t i o n  c o e f f i c i e n t s  and r e d u c e s  t h e  s e p a r a t i o n  f a c t o r s  t o  i n t o l e r -  

a b l y  l o w  v a l u e s .  Thus,  Pharex i s  n o t  a s a t i s f a c t o r y  p r o c e s s  f o r  u s e  i n  

TRU because  much of t h e  TRU equipment i s  made of Z i r ca loy -2 .  The d i s t r i -  

b u t i o n  c o e f f i c i e n t s  i n  t h e  Hepex p r o c e s s ,  i n  which t h e  e x t r a c t a n t  i s  

d i (2 -e thy lhexy1)p t iosphor i c  a c i d  (HDEHP) , are n o t  a f f e c t e d  by t h e  p re sence  

of z i rconium.  

3.6 S e p a r a t i o n  of Transcur ium Elements  

The t r anscu r ium e lemen t s  a r e  s e p a r a t e d  froin each  o t h e r  on a high-  

p r e s s u r e  i o n  exchange column by chromatographic  e l u t i o n  w i t h  

n-bydroxyisobutyra te .  Columns of  v a r i o u s  s izes  are used .  ‘The column 

used  i n  r e c e n t  r u n s  was e s s e n t i a l l y  a 3/8-in.-O.D., 4 - f t - long  s t a i n l e s s  

s t e e l  t u b e  t h a t  w a s  f i l l e d  w i t h  about  40 ml of 20-11 beads  of Dowex 50-X8 

ion exchange r e s i n  i n  t h e  ammonium form. The column w a s  h e a t e d  t o  80°C. 
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The f l o w s h e e t  i s  g iven  i n  F i g .  3 . 4 .  The a c t i n i d e s  i n  t h e  t r a n s c u r i u m  

e lemen t s  f r a c t i o n  from t h e  L i C l  p r o c e s s  w e r e  p r e c i p i t a t e d  as t h e  hydrox ides  

and washed, t o  remove L i C 1 .  Then they  were r e d i s s o l v e d  i n  n i t r i c  a c i d ,  

which was s u b s e q u e n t l y  d i l u t e d  t o  less  t h a n  0 . 1  - M. ( N i t r i c  a c i d  w a s  used 

because  t h e  equipment i s  made of s t a i n k s s  s t e e l . . )  The f e e d  s o l u t i o n  was 

pimped th rough  t h e  column a t  a r a t e  of abou t  6 n l j m i n ,  which caused a 

p r e s s u r e  drop a c r o s s  t h e  column of abou t  1000 p s i .  

umn w a s  washed w i t h  50 ml.  of w a t e r .  

pumped th rough  t h e  column t o  replace NHL: t h a t  had been d i s p l a c e d  by e x c e s s  

a c i d  i n  t h e  f e e d .  Th i s  s t e p  i s  e s s e n t i - a l  t o  good chromatographic  separa- 

ti.on d u r i n g  t h e  e l u t i o n .  Fermium and e i n s t e i n i u m  were e l u t e d  u s i n g  0 .25  - M 

a -hydroxy i sobu ty ra t e  ( a t  a pH of 4 . 1 5 )  t h a t  w a s  pumped a t  t h e  r a t e  o f  about  

5 inl/min. The e l u t i o n  of t h e  fermium--einsteinium f r a c t i o n  i s  observed as 

a peak of a l p h a  a c t i v i t y  from t h e  e i n s t e i n i u m ,  To e n s u r e  t h a t  t h e r e  was 

no l o s s  o f  e i n s t e i n i u m  t o  t h e  c a l i f o r n i u m  f r a c t i o n ,  t h e  c o l l e c L i o n  of t h e  

f i - r s t  p roduc t  s o l u t i o n  ( i .  e, t h e  fermi-um-einsteinium f r a c t i o n )  w a s  con t in -  

ued u n t i l  t h e  ca l i fo rn i i im  a l p h a  peak s t a r t e d  t o  appea r .  Then cal . i fornium 

w a s  c o l l e c t e d  u n t i l  t h e  al.pha a c t i v i t y  i n  t h e  e f f l u e n t  d e c r e a s e d  t o  back- 

ground. The el.uent w a s  t h e n  changed t o  0 . 5  M .... a -hydroxy i sobu ty ra t e  (pH of 

4 . 8 )  t o  h a s t e n  t h e  e l u t i o n  of t h e  berkelj.uiii-curiuru f r a c t i o n .  

A f t e r  l o a d i n g ,  t h e  ~ 0 1 -  

Then a s o l u t i o n  of 0.3 - M NH4NO3 w a s  

The c a l i f o r n i u m  and be rke l ium p roduc t  f r a c t i o n s  were conve r t ed  t o  

The c a l i f o r n i u m  s o l u t i o n  was a 8 - M H N O 3  s o l u t i o n s  by c a t i o n  exchange. 

p u r i f i e d  p r o d u c t .  The berkel.ium was i n  a conven ien t  forni f o r  f u r t h e r  pur- 

i - f i c a t i o n  u s i n g  t h e  Berkex p r o c e s s .  In t h e  .Berkex p r o c e s s ,  be rke l ium i s  

oxj .dized,  by t h e  a d d i t i o n  of 0.5 - M NaBr03, t o  Bk(LV), which i s  s e l e c t i v e l y  

e x t r a c t e d  i n t o  1 M I HDEHP i n  decane,  

t h e  s o l v e n t ,  u s i n g  8 - M HNO3---O. 1 - M H202, which r e d u c e s  t h e  berkel.i.um t o  

Bk(I1L). 

The be rke l ium i s  then  s t r i p p e d  from 

The e i n s t e i n i u m  and fennium were s e p a r a t e d  from t h e  c a l i f o r n i u m  and 

p u r i f i e d  by u s  i.ng a d d i t i o n a l  c y c l e s  of h igh -p res su re  i o n  exchange t r e a t m e n t .  

F i n a l  p roduc t  f r a c t i o n s  i n  a -hydroxy i sobu ty ra t e  s o l u t i o n  w e r e  conve r t ed  t o  

IzNO3 s o l u t i o n s  by u s i n g  a cat.ion exchange method. 
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a-Hydroxyisobutyrate  from a Caticn Resin Column. 
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3.7 P r e p a r a t i o n  of A c t i n i d e  Oxides 

A s o l - g e l  p r o c e s s  t h a t  can be  o p e r a t e d  r emote ly  h a s  been developed 

f o r  p r e p a r i n g  mixed 243h - 2 4 4 C m  o x i d e  mic rosphe res  t h a t  are s u i t a b l e  

f o r  u se  i n  f a b r i c a t i n g  H F I K  t a r g e t s . ’ ?  About 39 g of americium-curium 

oxi.de p roduc t  i n  t h e  d e s i r e d  s i z e  r a n g e  (50-170 p )  , whi.ch was p r e p a r e d  

in Bui ld ing  4507 d u r i n g  t h e  development s t a g e s ,  h a s  been f a b r i c a t e d  i n t o  

BFT.R t a r g e t s  ( s i x ) ,  and an a d d i t i o n a l  27  g i s  r eady  t o  be f a b r i c a t e d .  

Equipment f o r  t h e  r o u t i n e  p r o d u c t i o n  of s o l - g e l  o x i d e  m i c r o s p h e r e s  

i n  TRU i s  be ing  f a b r i c a t e d .  I n  t h e  f i r s t  s t e p  of t h e  proposed p r o c e s s ,  

t h e  n i t r a t e  s o l u t i o n  i s  a d j u s t e d  t o  0.0s t o  0 . 2  E HNO3 and i s  then  added 

t o  aulmonium hydrox ide  t h a t  i s  be ing  a g i t a t e d  vigorous1.y. The resul.t-.ing 

p r e c i - p i t a t e  of  hydrous oxi-des of americium and curium .is f l u i d i z e d  and 

washed c o n t i n u o u s l y  w i t h  w a t e r  i n  a coni-cal  washer .  The washed p r e c i p i t a t e  

i s  al lowed t o  se t t le ,  and t h e  c l e a r  s u p e r n a t e  i s  removed, The remaining 

s l u r r y  i s  p e p t i z e d  t o  a s t a b l e  s o l  by h e a t i n g  a t  80°C f a r  2 h r .  The sol 

is f e d  t o  a t a p e r e d  d r y i n g  column th rough  a twn-f luid rtozzle.  The .€low 

rates of t h e  s o l  and t h e  second f l u i d  (2 -e thy lhexano l )  are a d j u s t e d  t o  

produce s o l  d r o p l e t s  of  t h e  d e s i r e d  s i z e .  The d r o p l e t s  a r e  all.awed t o  f a l l  

through t h e  t a p e r e d  col.umn c o u n t e r c u r r e n t  t o  2-ethylhexano1, which removes 

water from t h e  s o l  and t h u s  c o n v e r t s  t h e  sol d r o p l e t s  t o  g e l  mic rosphe res .  

The g e l  mic rosphe res  are d r i e d  i n  a i r  at: 200°C and, f i n a l l y ,  are  c a l c i n e d  

i n  a i r  a t  1150°C. 

3.8 F a b r i c a t i o n  o f  T a r g e t s  

Most of t h e  americium and curium t h a t  are r ecove red  from i r r a d i a t e d  

t a r g e t s  will be incorporal-et1 i n t o  r e c y c l e  t a r g e t s  and r e i r r a d i a t e d  i n  

t h e  HFIR t o  produce t r a n s c u r i u m  e lemen t s .  The f i r s t  s i x  r e c y c l e  t a r g e t s  

have been i a b r i c a t e d  i n  TRU, u s i n g  t h e  remote equipment installed i n  cells 

1, 2 ,  and 3 .  For each of t h e  s i x  1-arget a s s e m b l i e s ,  a c t i n i d e  o x i d r  powder, 

which w a s  p repa red  d u r i n g  developmental  work on t h e  curium s o l - g e l  p r o c e s s ,  

w a s  blended w i t h  aluminum powder, and t h e  r e s u l t  ing m i x t u r e  was p r e s s e d  
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i n t o  aluminum-clad p e l l e t s .  The p e l l e t s  were i n s p e c t e d  t o  e n s u r e  

confo rmi ty  to s i z e  and weight  r e q u i r e m e n t s  and h e a t e d  under  vacuum a t  

400°C t o  remove t h e  d i e  Lubr i can t .  

20 k 0.5 i n . )  w e r e  loaded i n t o  a t a r g e t  t u b e  t h a t  had p r e v i a u s l y  had a 

bot tom end cap  welded i n  place. A t o p  s u p p o r t  l i n e r ,  c u t  t o  t h e  p rope r  

l e n g t h  f o r  t h e  t a r g e t ,  w a s  i n s e r t e d ,  T h e  t u b e  w a s  evacuated  and f i l l e d  

w i t h  he l ium;  then  t h e  top  end cap w a s  i n s t a l l e d  and welded t o  t h e  tube .  

T h e  tube  was examined f o r  l e a k s  i n  a hel ium l e a k  d e t e c t o r ;  was c l e a n e d ,  

d r i e d ,  and smeared [or con tamina t ion ;  and w a s  x-rayed t o  e n s u r e  t h e  

i n t e g r i t y  of the  we lds  and t o  de t e rmine  t h a t  t h e  end s p a c e r s  and p e l l e t s  

wcre i n  p l a c e .  The t u b e  w a s  p r e s s e d  h y d r o s t a t i c a l l y  ( a t  10 t s i )  t o  make 

a good heat t r a n s f e r  bond between t h e  p e l l e t s  and t h e  t u b e ,  and t h e  tube  

was he l ium l e a k - t e s t  ed a g a i n .  F i n a l l y  the hexagonal  coo lan t - f low tube  

From 34 t o  36 p e l l e t s  ( t o t a l  l ength ,  

* 

w a s  mechan ica l ly  s t a k e d  t o  f i n s  011 t h e  t a r g e t  r o d ,  and t h e  f i n i s h e d  tar- 

g e t  assembly w a s  c l eaned  and t r a n s f e r r e d  t o  t h e  HFLR. 

Although numerous minor problems have  been encoun te red ,  t h i s  equip-  

ment i s  cons ide red  t o  b e  f u l l y  o p e r a t i o n a l .  

3 .9  Cor ros ion  of Z i r ca loy -2  

We found t h a t  t h e  c o r r o s i o n  r a t e  of Zi rca loy-2  equipment w a s  unexpect-  

e d l y  c a t a s t r o p h i c  when c e r t a i n  m i x t u r e s  of H C l  and I-JNO3 were used ,  and 

t h a t  t h e  rate a t  which W C l  corrodes Zircaloy-2 i n  a r a d i a t i o n  environment  

w a s  much h i g h e r  t h a n  w e  had a n t i c i p a t e d .  W e  made some c o r r o s i o n  tests 

t o  s t u d y  t h e s e  s i t u a t i o n s .  

Zirc.aloy-2 w a s  n o t  a t t a c k e d  s i g n i f i c a n t l y  by a c i d  m i x t u r e s  t h a t  were 

less t h a n  2 M i n  - H C I .  

cant (q) 5 mils/yearb when t h e  c o n c e n t r a t i o n  of HI803 was as low as 0.5 PI7 

and w a s  d e f i n i t e l y  c a t a s t r o p h i c  (75 t o  201) n i i l s j y e a r )  a t  1 t o  6 - M H N 0 3 .  

F u r t h e r ,  t h e  a t t a c k  was n o t  uniform.  I n  a l l  HCl-HNO, m i x t u r e s  i n  which 

t h e  HC1. c o n c e n t r a t i o n  w a s  4 M or g r e a t e r  and t h e  HN03 c o n c e n t r a t i o n  w a s  

)=Tearer t h a n  a few t e n t h s  molar, t h e  c o r r o s i o n  was c a t a s t r o p h i c  and t h e  

a t t a c k  w a s  n o t  uniform.  

I n  3 I icI I l C l  t h e  c o r r o s i o n  ra te  appeared  t o  be  s i g n i f i -  

- 

. . . . . . . . . . . . . 
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The Zircaloy-2 c o r r o s i o n  ra te  i n  6 - M H C 1  a t  a s o l u t i o n  power d e n s i t y  

of 37 w l l i t e r  (13.5 g 3’-‘’-tCm/liter) w a s  c o n s t a n t  at: abou t  60 m i l s / y e a r .  

The d a t a  f o r  a s o l u t i o n  power d e n s i t y  of 8 wjliter i n d i c a t e  t h a t  t h e  c o r -  

r o s i o n  ra te  was i n c r e a s i n g  th roughou t  t h e  test: p e r i o d .  After 24 h r  t h e  

ra te  w a s  1 .3  m i l s j y e a r ;  d u r i n g  t h e  n e x t  4 2 . 3  hr i t  was 14 rniS.s/year; d u r i n g  

t h e  n e x t  34 h r  i.t was 18 m i l s / y e a r ;  and d u r i n g  t h e  f i n a l  46 h r  i t  w a s  3 2  

m i l s / y e a r .  T h i s  compares w i t h  c o r r o s i o n  ra tes  of o n l y  a few mi.1.s p e r  y e a r  

i n  n o n r a d i o a c t i v e  WC1 s o l . u t i o n s .  

3.10 NFIR T a r g e t  Rod F a i l u r e s  

S i x t e e n  TRU t a r g e t  r o d s  developed l o n g i t u d i n a l  c r a c k s  i n  the c l a d d i n g  

a f t e r  i r r a d i - a t i o n  i n  t h e  HFIX f o r  125  t o  1 7 5  days a t  a power ].eve1 of 

100 Mw. These  r o d s  were from a group of 17 t h a t  had been i r r a d i a t e d  p r i o r  

t o  t h i s  t i - m e ,  f o r  abou t  one y e a r  i n  a Savannah River P l a n t  r e a c t o r .  

The Metals and Ceramics D i v i s i o n  began a n  e x t e n s i v e  program t o  d e t e r -  

iuine t h e  mechanisms t h a t  caused t h e  f a i l u r e s  and t o  deve lop  an improved 

t a r g e t  d e s i g n .  Detn i - l s  of t h e i r  e f f o r t s  t o  d a t e  have r e c e n t l y  been 

r e p o r t e d  e The n a t u r e  of t h e  problem p r e c l u d e s  r a p i d  so l i i t i .o i~ ;  proof 

of a new t a r g e t  d e s i g n  wil l .  require a minimum of 18 months of i . r r a d i a t i o n  

i n  t h e  HFLR. Because of ou r  v i t a l  i n t e r e s t  i n  t h i s  mat te r ,  t h e  s t a t u s  of 

t h e  work i s  summarized h e r e .  

Var ious  t e c h n i q u e s  were used i n  a n a l y z i n g  t h e  f a i l u r e :  u i s u a l  i n spec -  

t i o n ,  measurement o f  d imens iona l  changes,  metal.l.ography, vacuum-fusion g a s  

a n a l y s i s ,  d e t e r m i n a t i o n  of  mechanical  p r o p e r t i e s ,  e l e c t r o n  microscopy,  and 

x-ray d i f f r a c t i o n ,  

I t  w a s  concluded t h a t  exposure  of t h e  aluminurn a l l o y  claddi-ng material  

t o  t h e  h i g h  f a s t - n e u t r o n  f l u x  i n  t h e  WFlR c a u s e s  a r a p i d  d e c r e a s e  i n  t h e  

d u c t i l i t y .  F i s s i o n  p r o d u c t s  acciimulate and f i l l .  t h e  v o i d  volume i n  t h e  

p e l l e t s ,  and t h e  g a s e s  i n c r e a s e  the  p r e s s u r e  i n  the remaining v o i d s .  T h i s  

r e s u l t s  i.n a g r a d u a l  i n c r e a s e  i n  t h e  stresses i n  t h e  c l a d d i n g .  When t h e  

stresses r e a c h  t h e  y i e l d  p o i n t  0.f t h e  c l a d d i n g ,  the e m b r i t t l e d  c l a d d i n g  

f r a c t u r e s  i n s t e a d  of  y i e l d i n g .  

We have formul.ated an e n g i n e e r i n g  model t o  g u i d e  t h e  development of 

an improved d e s i g n .  F i g u r e  3.5 summarizes t;he results of ca l cu l . a t ions  
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t.liat: have been made. The lower faiiiily of cu rves  shows t h e  stress i n  t h e  

c l a d d i n g  of v a r i o u s  t a r g e t s  as a f u n c t i o n  o f  t h e  burnup.  The a b s c i s s a  

i s  t h e  number of  f i s s i o n s  o c c u r r i n g  p e r  atnm of plutoriiiirn i.n t h e  o r i g i n a l .  

t a r g e t  rod.  The dashed l i n e  a t  24,000 p s i  indicates t h e  p robab le  stress 

a t  which t h e  SW-HPIK t a r g e t s  f a i l e d .  T h i s  val-ue,  which was determi.ned 

f roni specimens of t h e  aluminum coolant - f low tubes  t h a t  F T P ~ ~  on t h e  t a r g e t s ,  

w a s  used 2s a typ i - ca l  stress a t  which t h e  c l a d d i n g  on any t a r g e t  might  

fai .1.  The upper  graph  has  as i t s  o r d i n a t e  t h e  diametral e x p a ~ i ~ i ~  t h a t  

would occur  i f  t h e  t a r g e t  she;ith y i e l d e d  ( l instead of r i . ip tur ing)  . 
The cu rve  f o r  t h e  SKP-HFIR t a r g e t s  (10 g of  2'2Pu p e r  t a r g e t  a-nil 

10% v o i d  space  i n  t h e  p e l l e t s )  i s  i n  f a i r  agreement  w i t h  t h e  f a i l u r e  d a t a .  

The model i n d i c a t e s  f a i l u r e  a t  0 .375 f i s s i o n  p e r  o r i g i n a l  plutoni.um atom; 

t h e  t a r g e t s  a c t u a l l y  f a i l e d  a t  burnups of from 0 . 2 3  t o  0 .37 f i s s i o n  p e r  

o r i g i n a l  plutonium atom. (The e a r l y  f a i l u r e s  liright be  a t c r i b u t e d  t o  non- 

uni form l o a d i n g  and v a r i a t i o n  i n  p e l l e t  d e n s i t i e s  .) 'The curve  f o r  " v i r g i n  

NFIX t a r g e t s  c o n t a i n i n g  8 g o f  242Pu p e r  t a r g e t  anti having  10% vo id  volume" 

r e p r e s e n t s  a group of  l 3  t a r g e t s  t ha t  have r e c e n t l y  been removed from t h e  

H F I R  f o r  p r o c e s s i n g .  I t  i n d i c a t e d  t h a t  t h e s e  t a r g e t s  woii1.d fail a t  a 

burnup O F  0.46 f i s s i o n  p e r  o r i g i n a l  p lu tonium atom. However, i n s p e c c i o n  

o f  t h e  t a r g e t s ,  which had been i r r a d i a t e d  t o  burnups of from 0 .48  t o  0 .52 

f i s s i o n  p e r  o r i - g i n a l  plutonium atom, d i s c l o s e d  no f a i l u r e s .  

Each of t h e  t h r e e  cu rves  l a b e l e d  "8 g p lu toniumdrod,  20% v o i d , "  

"8 g plu tonium/rod ,  25% v o i d , "  and "6 g plutoni1ltii/rod, 20% void"  r e p r e s e n t s  

p a i r s  of s p e c i a l  t a r g e t s  t h a t  were f a b r i c a t e d  d u r i n g  tihe p a s t  y e a r  ( b e f o r e  

t h e  mathemat ica l  model was formula ted)  and t h a t  are now be ing  i r r a d i a t e d  

t o  de t e rmine  whether  smaller loadi-ng and /o r  p r e s s i n g  of  t:hc p e l l e t s  t o  

lower d e n s i t i e s  (and l a r g e r  vo id  volumes) wi1.1. r e s u l t  i n  l .onger t a r g e t  

L i f e t i m e s .  C a l c u l a t i o n s  i n d i c a t e  t h a t  none of t h e s e  t a r g e t s  w i l l  f a i l  

p r i o r  t o  t h e  t i m e  that  t h e  i r r a d i a t i o n s  a re  scheduled  t o  be  t e r w i n a t e d .  

I f  t h i s  proves  t o  be  t r u e ,  t h e  f a i l u r e  problein w i l l  b e  r e s o l v e d ,  f o r  a l l  

p r a c t i c a l  pu rposes ,  i n  a way t h a t  does  no t  r e s t r i c t  f u t u r e  producc ion .  

O f  c o u r s e ,  t h e r e  w i l l  s t i l l  b e  g r e a t  i n t e r e s t  i n  t h e  al.uminum embr i t t l emen t  

phenoiiienon; t h e r e f o r e ,  f u r t h e r  s t iudies  w i l l  b e  made t o  e l u c i d a t e  i t .  



3 3  

T h e  c u r v e  l a b e l e d  ''10 g plu tonkum/rod ,  20% void"  r e p r e s e n t s  a group 

of t a r g e t s  t h a t  w i l l  be f a b r i c a t e d  i n  t h e  n e a r  f u t u r e  from o u r  re inaining 

s t o c k  of p lu tonium o x i d e .  

o r i g i n a l  p lu tonium atom, i s  w e l l  beyond t h e  proposed  i r r a d i a t i o n  time. 

The expec ted  f a i l u r e  p o i n t ,  0.75 f i s s i o n  p e r  

4 .  SPECIAI, PROJECTS 

Numerous p r o j e c t s  t h a t  are b e i n g  c a r r i e d  o u t  by v a r i o u s  groups  a t  

ORNT, and a t  o t h e r  si tes r e q u i r e  t h e  services a v a i l a b l e  a t  TRU for t h e  

p r e p a r a t i o n  o f  s p e c i a l  materials, which are not normal ly  produced i n  main- 

l i n e  e f f o r t s .  The phases  o f  t h e s e  projects i n v o l v i n g  a c t i v i t i e s  a t  TRU 

are r e p o r t e d  h e r e ;  t h e  end r e s u l t s  o f  t h e  r e s e a r c h  are. r e p o r t e d  e l sewhere .  

4 . 1  Cal i fo rn ium T a r g e t s  

Three  s p e c i d  c a l i f o r n i u m  t a r g e t s  were f a b r i c a t e d  and i - r r a d i a t e d  f o r  

the pr imary  purpose  of  producing  e i n s t e i n i u m .  A second purpose  of the 

i r r a d i a t i o n s  w a s  t o  r e f i n e  some of  t h e  c a l c u l a t e d  v a l u e s  o f  the c r o s s  

s e c t i o n s  i n  t h e  c h a i n  o f  i s o t o p e s  above c a l i f o r n i u m .  S u r p r i s i n g l y ,  w e  

l e a r n e d  t h a t  t h e  c a p t u r e  CKOSS s e c t i o n  of 252-Cf i s  c o n s i d e r a b l y  h i g h e r  

t h a n  p r e v i o u s l y  supposed ,  a p p a r e n t l y  i n  t h e  r ange  of 40-50 b a r n s  i n s t e a d  

of 7-10 b a r n s .  A d d i t i o n a l  i r r a d i a t i o n  expe r imen t s  wi1.I  b e  n e c e s s a r y  t o  

f u r t h e r  r e f i n e  t h e s e  measurements.  Because of t h e  h i g h  c r o s s  s e c t i o n ,  t h e  

i r r a d i a t i o n  t i m e s  used w e r e  f a r  t o o  long f o r  optimum e i n s t e i n i u m  p r o d u c t i o n  

and t h u s  a s i g n i f i c a n t  f r a c t i o n  of t h e  c a l i f o r n i u m  w a s  consumed i n  nonpro- 

d u c t i v e  r e a c t i o n s .  About 6 iig of e i n s t e i n i u m ,  as compared w i t h  t h e  18 1~g 

e x p e c t e d ,  w a s  r ecove red  f o r  shipment  t o  cus tomers .  O the r  special  mater- 

i a l s ,  i n c l u d i n g  1 m g  of 244Pu, 26 gg of  248Crn, and 1 2  aluminum a l l o y  

t e n s i l e  spec imens ,  w e r e  i r r a d i a t e d  w i t h  t h e  c a l i f o r n i u m  i n  t h e s e  t a r g e t s .  

The t e n s i l e  specimens w e r e  used f o r  s t u d y i n g  t h e  t a r g e t  f a i l u r e  problem. 
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4 . 2  EabricaLion of a Neutron Source XJsing Ca l i fo rn ium 

The f i r s t  s i g n i f i c a n t  n e u t r o n  s o u r c e  usf:ig c a l i f o r n i u m  was f a b r j . c a t e d  

i n  J anua ry  1968 f o r  f a s t - n e u t r o n  a c t i v a t i o n  s t u d i e s  i n  t h e  'Transurarii.um 

Research Labora to ry .  

loaded i n t o  a smal l  aluminum s o u r c e  capsul .e ,  3 /8  i n .  i n  di-ameter by about_ 

1 i n .  l ong ,  u s i n g  a new t r c h n i q u e .  The c a l i f o r n i u m  was p r e c i p i t a t e d  as 

the hydroxi.de, so rbed  on aluminum powder ,  and r e t a i n e d  on a p r e s s e d  aLum- 

inurn powder f i l t e r  d i s k  a t  t h e  bottom oE a s t a n d a r d  Larget p e l l e t  l i n e - r .  

The l i n e r  and t h e  powder m a t r i x  were d r i e d  and p r e s s e d  i n  t h e  u s u a l  manner, 

and then the completed p e l l e t  was welded i n t o  an o u t e r  aluminum c a p s u l e .  

About 350 pg of 252Cf ( 8  x IO8 neu t r c ins J sec )  was 

4 , 3  Uranium I r r a d i a t i o n s  

Ass is tance  w a s  p rov ided  i n  t h e  p r e p a r a t i o n  and i r r a d i a t i o n  of 50-mg 

q u a n t i t i e s  of  11308 (42 mg of 316U) i n  I-IFIR r n b b i s s  f o r  ills p r o d u c t i o n  of 

737U. 

f a c i l i i y .  The r a b b i t s  were s u b s e q u e n t l y  p rocessed  by p e r s o n n e l  a t  t h e  

T.os Alamos S c i e n t i f i c  L a b o r a t o r y ,  and t h e  uranium was used i n  an under- 

ground n u c l e a r  e v e n t  f o r  the measuremenL of t h e  f i s s i o n  c r o s s  s e c t i o n  

T h i s  w a s  t h e  f i r s t  p r o d u c t i v e  use o f  t h e  H F I R  h y d r a u l i c  r a b b i t  

o f  237u .  

4 . 4  E i n s t e i n i u m  I r r a d i a t i o n s  

R a b b i t s  c o n t a i n i n g  microgram amounts of 2 5 3 E s  were f a b r i c a t e d  and 

were i r r a d i a t e d  f o r  t h r e e  d a y s  i n  t h e  HFIR t o  produce 39.3-hr 251'm-Es.  

'The i r r a d i a t e d  r a b b i t s  were d i sa s sembled  i n  TRU a f t e r  a v e r y  s h o r t  c o o l i n g  

p e r i o d ,  and .the p e l l e t s  c o n t a i n i n g  t h e  e i n s t e i n i u m  were sh ipped  by a i r  

t o  Argonne National Laboratory. The aluminum r a b b i t  t ube  had t o  b e  removed 

p r i o r  t o  shipment because i t  was a s t r o n g  s o u r c e  of p e n e t r a t i n g  r a d i a t i o n  

(from n e u t r o n  a c t i v a t i o n  p r o d u c t s  of aluminum). 
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6 .  APPENDIX 

We have tabiulated t h e  decay daca and t h e  c r o s s  s e c t l o i l  da t a  t h a t  we 

use  i n  p l a n n i n g  i r r a d i a t i o n - p r o c e s s i n g  c y c l e s  c a l c u l a t i n g  p r o d u c t i o n  

f o r e c a s t s ,  and a s s a y i n g  p r o d u c t s .  The t a b l e s  will be reproduced compl.etely 

i n  each of t h e s e  semiannual  r e p o r t s ,  and changes made since t h e  p reced ing  

r e p o r t  w i l l  b e  i -nd ica t ed .  We wish t o  s t a t e  c l - e a r l y  t h a t  t h e s e  d a t a  mere1.y 

r e p r e s e n t  numbers be ing  used i n  OUT c a l c u l a t i o n s  and t h a t  t h e  d a t a  are  

p r e s e n t e d  on a " b e s t  e f f o r t s "  b a s i s .  

t o  b e  d e f i n i t i v e ,  i t  has n o t  been checked and cross-checked s u f f i . c i c n t l y  

t o  b e  considered "publ . ishable ."  

Al.though t h e  i n f o r m a t i o n  i s  i n t e n d e d  

The Transplutonium Element P r o d u c t i o n  Program i.s now illaking n u c l i d e s  

a v a i l a b l e  i.n i n c r e a s i n g  abundance and p u r i t y ;  t h e r e f o r e  , i n  t h e  n e x t  f e w  

y e a r s  w e  a n t i c i p a t e  2 burgeoning l i t e r a t u r e  conce rn ing  n u c l e a r  constants 

f o r  t h e  t r ansu ran ium niicJ.ides. H o w a ~ r ,  s i n c e  we need such  d a t a  a t  the. 

p r e s e n t  t i m e ,  i t  w i l l  riot be  f e a s i b l e  f o r  us  t o  w a i t  u n t i l  h i g h l y  r e l i a b l e  

sources, such  as Lederer' . '  and Wapstra'', can p u b l i s h  d a t a  t h a t  have been 

f u l l y  e v a l u a t e d .  

We welcoiiie t e l e p h o n e  c a l l s  t o  p a i n t  ou t  e r r o r s  ar i n d i c a t e  a d d i t i o n a l  

sources of i n f o r m a t i o n .  P l e a s e  c o n t a c t  John  R i . g e l n w ,  FTS 615-4 83-3.872 o r  

by commerci.al t e l e p h o n e  service,  615-483-8611, ext. 3-1872. 

Decay Data - ....._ 

Tab le  A4-l i s  a l i s t  of a l l  n u c l i d e s  of i n t e r e s t  to the Transplutonium 

1I:l.ement P r o d u c t i o n  Plrogranl, ( i . e .  , a l l  that  can b e  produced by neuti-on bom- 

bardment of 23RU). 

r a t i o s  o r  p a r t i a l  decay h a l f - l i v e s ,  a l o n g  wi-th J.iteratiire r e f e r e n c e s ,  where 

avai1abl .e .  Thc system of  r e f e r e n c e s  i s  t h a t  used hy t h e  Nuc lea r  Data Pro- 

j e c t  here  at ORNL i n  their  wi.de1y d i s t r i b u t e d  "Nucl.ear Data S h e e t s . "  

The list i n c l u d e s  v a l u e s  f o r  h a l f - l i v e s  and branchi-ng 

'The refe-rences used i n  Tab le  A - l  are decoded i n  T a b l e  A - 2 .  Tab le  A-3 

1.ists d e r i v e d  d a t a ,  such as s p e c i f i c  a c t i v i t i e s ,  a long with i n fo r ina t ion  

conce rn ing  t h e  haza rd  a s s o c i a t e d  w i t h  h a n d l i n g  t h e s e  n u c l i d e s .  
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Table A-2. References f o r  ' " l a b l e  A--l 

.... .................. .................. 
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0 .  C. lioffman and I ; .  1. Browwe, .!. -. ......... l n c r g .  
Kuci. .. -. ~ h r m . ,  ? ,  2 0 9  (1956). ........... 
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a 
Table A-3.  P r o p e r t i e s  of Iransuraniuin Nuclides  
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Neutron Cross -Sec t ion  Data 
__I___ __..I_ __ 

The values of neut.ron c r o s s  s e c t i o n s  used t o  compute t r a n s m u t a t i o n s  

i n  I-IFXK t a r g e t  i - r r a d i a t i o n s  are l i s t e d  i n  Tab le  A - 4 .  T h i s  t a b l e  shows 

s i x  parameters d e s c r i b i n g  t h e  ileutroil i n t e r a c t i - o n s .  The first: i s  tile 

thermal -neutlron c a p t u r e  c r o s s  s e c t i o n ,  and the t h i r d  i s  t h e  neut ron  cap- 

tiure r e sonance  i n t e g r a l .  The second pa rame te r  i s  2 constant ;  t h a t  i s  a 

funct i -on of t h e  t a r g e t  geometry: i t  i.s used t o  estimate t h e  resol lance 
C 

s e l f - s h i e l - d i n g  e f f e c t .  The e f f e c t i v e  c a p t u r e  c r o s s - s e c t i o n ,  (Jeff ,  would 

res R I  1 "  ~ --.- -.___I- 9 

+ be : 
c ~ C T  a 

2ooo 42200 4 r - C , N  eff 

C i s  the thermal.-neutron c a p t u r e  c r o s s  sec t io i l ,  N i s  t h e  number where CT 

o f  grams o f  t h e  particuJ-ar n u c l i d e  i n  one t a r g e t  r o d ,  i s  t h e  ave rage  

f l u x  p e r  u n i t  l e t h a r g y  w i ~ d t h  i n  the re sonance  r e g i o n ,  and $ 

e q u i v a l e n t  f l u x  of 2200-.in/sec nei.it:rons t h a t  would g i v e  che same r e a c t i o n  

ra te  w i t i b  a l j v  a b s o r b e r  as would t h e  a c t u a l  r e a c t o r  f l u x .  The effective 

c r o s s  s e c t i o n  f o r  f i s s i . o n  i s  compuced by a s i m i l a r  r e l a t i o n s h i p  among the 

I.ast t h r e e  parameters. 

22130 

@res 
i s  che 2200 

These c r o s s  s e c t i o n s  are t o  be r ega rded  as a s e l f - c o n s i s t e n C  s e t ,  

whereby one can compute o v e r a l l  t r a n s m u t a t i o n  e f f e c t s ,  and as a s e t  oE 

a r b i t r a r y  c o n s t a n t s  t o  b e  used t o  o b t a i n  t h e  b e s t  f i t  t o  our d a t a .  Hope- 

f u l l y ,  t h e s e  numbers and t h e  c r o s s  s e c t i o n s  e x p e r i m e n t a l l y  measured on 

pu re  i s o t o p e s  will ag1:ee; however, w e  wi.11 n o t  a l l o w  t h e  p o s s i . h i l i t y  of 

a d i s c r e p a n c y  t o  confine us .  

It shou ld  be  p o i n t e d  o u t  t h a t  244cAm is a f ic f r i t lo r i s  i s o t o p e  t h a t  

combines t h e  p r o p e r t i e s  of  2 4 4 m ~ 1 ,  and 244gh, a c c o r d i n g  to theli r re la t ive  

rates o f  p r o d u c t i o n  from 2 4 3 ~ .  

c a l c u l a t i o n s  of t h e  iliain t r ansmuta t i -on  c h a i n  i n v o l v i n g  24LtAs11. 

The use of t h i s  i s o t o p e  s i rnpl . i f ies  t h e  
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T a b l e  A - 4 .  Neutron Cross S e c t i o n s  Used to Compute 
Trans inuta t ions  i n  HFIR Target I r r a d i a t i o n s  ( J u l y  1, 1968)  
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